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TRANSGENIC PRODUCTION IN SALIVA 

— — — QioaaecupcT/PTo i9m2m 

FIELD OF THE INVENTION 
The invention relates to the production of foreign or modified proteins in 
saliva of transgenically modified animals. In addition, some aspects of the 
. invention relate to animals genetically engineered to produce non-natural 
components in saliva. In certain further aspects the invention relates to animals 
genetically engineered to produce non-natural components in their saliva to 
modify its composition. 



BACKGROUND 



The hallmark contribution of genetic engineering is technology that, when 
properly applied, can be used to elucidate precisely and alter in a controlled way - 
with base by base resolution - the genotype and thereby the phenotypic 
characteristics of living organisms. Two long-recognized applications of genetic 
engineering technology that stem from this contribution and promise great 
humanitarian, scientific and commercial benefits are the creation of improved 
organisms and the creation of organisms that can be used to produce substances 
other than those for which they are naturally useful. 

As to the first of these goals, genetic engineering has been applied during 
the past two decades in a wide range of efforts to create improved organisms for 
food production. To mention just a few, these efforts include endeavors: to 
produce improved strains and varieties of agricultural plants; to produce livestock 
that utilize feed more efficiently; to endow livestock with greater resistance to 
parasites and disease; to create livestock that provides more healthful food; to 
alter livestock so that it is less harmful to the environment; and to produce plants 
and animals that benefit the environment. Regarding the production of transgenic 
farm animals, for instance, see Ebert (1989), Gene transfer through embryo 
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microinjection, pgs 233-250 in ANIMAL BIOTECHNOLOGY: COMPREHENSIVE 
BIOTECHNOLOGY, FIRST SUPPLEMENT, Eds. Babiuk et a/., Pergamon Press 
and, for another review in this regard, also see Ebert and Schindler (1993). 
Transgenic Farm Animals: Progress Report, Theriogenology 39: 121-135. 

Towards the second goal, genetic engineering has been applied to the 
production of a wide variety of substances in plants and animals, most often 
proteins of pharmaceutical interest. These efforts largely have been directed, in 
animals, to the production of xeno-substances in the milk of livestock animals - 
primarily swine, ovine, caprine and bovine animals. Regarding the production of 
pharmaceuticals in milk see, for instance, Ebert and DiTullio (1995), The 
production of human pharmaceuticals in milk of transgenic animals, pgs 36-41 in 
THE NATURAL ENVIRONMENT: Interdisciplinary Views: Proceedings. Among 
efforts to produce substances in this way have been those aimed at the 
production of hormones, antibodies, enzymes, and factors involved in or related to 
hemostasis, to name just a few. These endeavors have met with varying degrees 
of success, as discussed below. Generally, complex polypeptides that undergo 
extensive post-translational modification have been produced successfully only in 
animals, and for the most part attempts to produce commercially valuable 
amounts of these products has been restricted to mammary gland expression and 
to isolation of proteins from milk. 

Although none of these efforts have been entirely successful, several 
efforts to produce proteins transgenicly in milk have met with some success, and e 
number of proteins of pharmaceutical interest have been transgenicly expressed 
in mammary gland cells, and isolated from milk in a biologically active form. For 
an early review in this regard, see in pertinent part, for instance. Ebert and 
Schindler (1993), Transgenic Farm Animals: Progress Report, Theriogenology 
39: 121-135. For instance, tPA has been produced in goat milk (see Ebert et al. 
(1991), Transgenic production of a variant of human tissue-type plasminogen 
activator in goat milk I: Generation of transgenic goats and analyses of 
expression, Bio/Technology 9: 835-838). And high levels of active human alpha- 
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1-anti-trypsin have been produced in sheep milk (see Wright et al. (1991), High 
level expression of active human alpha-1-anti-trypsin in the milk of transgenic 
sheep, Biotechnology 830-834). Nevertheless, success has not been general 
and transgenic mammary gland-specific expression has not, as yet, been used to 
produce a pharmaceutical protein that has entered the marketplace. 

Part of the reason for the overall difficulty in bringing these transgenic 
products to market may lie with disadvantages of present methods for transgenic 
production in milk. First, efficiency of transgenic production in mammary glands 
and milk is significantly reduced by gender specificity. Although males can be 
induced to lactate, they cannot be made to produce milk in quantities useful for 
commercial production of transgenic substances. See, for instance, Ebert et al. 
(1994), Induction of human tissue plasminogen activators in the mammary gland 
of transgenic goats, Bio/Technology 12: 699-702, and also Ebert (1988). A 
Moloney MLV somatotropin fusion gene produces biologically active somatotropin 
in a transgenic pig, Mol. Endoc. 2: 277-283. Practically all of the milk for 
commercial production of transgenic products using mammary gland-specific 
expression therefore must come from the females in a transgenic herd. Since, the 
quantities of milk useful to produce transgenic substances commercially therefore 
can be obtained only from the female "half' of a herd, milk based transgenic 
production methods are approximately 50% less efficient in utilizing a herd 
population than otherwise similarly efficient technology that is gender-neutral. 
Other aspects of milk-based transgenic production methods may make up for this 
relative disadvantage over other technologies; but, gender neutrality is 
nonetheless desirable, and would be an advantage even to milk based production. 

Second, although lactation can be induced in immature animals of either 
sex, and milk thereby can be obtained in quantities sufficient to assess transgenic 
expression, there is nonetheless a delay from the time transgenic expression is 
proved in an immature animal to the time the animal can produce milk in 
quantities useful for commercial production of transgenic substances. In some 
species, moreover, the volume of milk produced simply is insufficient to support 
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commercial production of proteins, at levels of expression and secretion that can 
be achieved in mammary gland cells. Even in mammals that produce the 
necessary volumes of milk, lactation often must be induced and is cyclically 
variable. Both induction and cyclic variability can be disadvantages of milk based 
production compared to methods that rely on processes that occur in a continuous 
manner throughout the life of an animal, without intervention, and without much 
variation. 

In addition, efforts to produce transgenic products in milk have encountered 
a variety of other problems. Deleterious effects of endogenous milk constituents, 
such as proteases, on the desired transgenic product, have been observed. 
Premature shut-down of lactation has occurred in females expressing mammary 
specific transgenic proteins. In this regard see, for example, Ebert and Schindler 
(1993), Transgenic Farm Animals: Progress Report, Theriogenology 39: 121-135. 
Transgenic mammary gland expression can have deleterious effects on the 
health of an animal, either directly as a result of the presence in the animal of the 
transgenic protein or other substance, or as a consequence of induced hyper- 
lactation necessary to obtain necessary levels of milk production. Finally, while 
mammary gland-specific expression and secretion into milk appears to modify and 
process properly a few proteins, it may not do so for others. Inability of mammary 
gland cells and milk to carry out post-translational processes thus still may prove 
to be an impediment to commercial production, even if other obstacles can be 
avoided or overcome. 

Perhaps because of such difficulties, mammary gland-specific transgenic 
expression of particular proteins in milk has not been as widely used for 
commercial production of transgenic proteins, as might have been expected from 
the reports on research scale expression. Several other systems have been 
considered for transgenic production and efforts have been and are being made to 
use them to produce proteins and, perhaps, other substances. Thus far, each of 
these systems has problems and/or disadvantages that have prevented their use 
for commercial production of transgenic proteins or substances, particularly 
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proteins that are produced initially as inactive pro-enzymes that are subject to 
complex processes of post-translational proteolytic processing and/or 
modification. There have been several reports on expression of exogenous 

genes in salivary glands of transgenic animals, for instance. Baum and co- 
workers reviewed some work in this regard directed to clinical applications, repair 
of hypofunctional gland parenchyma, in particular, and the production of secretory 
transgene products for systemic or upper gastrointestinal tract pharmaceutical use 
(Baum et al. (1999), Critical Reviews in Oral Biology & Medicine 10(3): 276-283. 
The work described by Baum et al. (1999) related to gene transfer therapy and, 
apparently, did not aim for commercially advantageous production of proteins, or 
other substances, in transgenic saliva. Thus, it is relatively uninformative in this 
regard. 

Reports on work directed more specifically to transgenic salivary gland- 
specific expression have been published by Mikkelsen and co-workers, Larson 
and co-workers, and Mirels and co-workers (citations follow). Mikkelsen and co- 
workers reported expression of a Factor Vlll-derived polypeptide in saliva of 
genetically engineered mice. See Mikkelsen et al. (1992), Nature 20(9): 2249- 
2255. Larson and co-workers also reported salivary gland expression of 
exogenous gene constructs in transgenic mice. See Larson et al. (1994), 
Transgenic Research 3(5): 31 1-316. Mirels and co-workers characterized the 
genes for rat salivary-gland B1-immunoreactive proteins of adult (and neonatal) 
rat sublingual and parotid glands (often referred to as the B1-IPs), that also are 
the major secretory products of rat submandibular gland acinar-cell progenitors. 
See Mirels et al. (1998), Biochemical Journal 330 (Part 1): 437-444. This work 
was carried out in species that produce very small quantities of saliva. It is not 
informative on saliva-specific expression in other mammals, particularly not in 
ruminants that produce saliva in large volumes. Moreover, apparently only very 
small amounts of transgenic protein were detected in the saliva, and the work thus 
is not informative about economically viable and/or commercially advantageous 
transgenic production of polypeptides and/or proteins and/or other substances in 
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saliva. Apparently, given the lack of further publications, this work has not been 
pursued, perhaps because of these drawbacks or others. 

In sum, present transgenic technologies for pharmaceutical protein 
production have achieved significant success; but, they have not, as yet, 
supported commercially advantageous and economically viable production of a 
marketed pharmaceutical product. Therefore a need exists for improved 
transgenic animals, methods and technology for commercially advantageous and 
economically viable production of products for the veterinary and human health 
care markets, such as pharmaceutical peptides and/or polypeptides and/or 
proteins, and other substances. Particularly, there is a need for transgenic 
animals, methods and technology for the commercially advantageous and 
economically viable production of pharmaceuticals that undergo complex post- 
translational processing and modification, especially those that cannot be 
obtained in useful form and quantity by presently available methods of production. 



SUMMARY 

In light of the foregoing background, it is therefore among the objects of 
certain aspects and preferred embodiments of the invention herein disclosed to 
provide animals, methods, compositions, devices, technologies, systems and the 
like for the commercially advantageous and/or economically viable production of 
desired substances, particularly polypeptides and/or proteins, in saliva of 
transgenic animals, particularly non-human mammals that produce large volumes 
of saliva. 

In certain preferred aspects of the invention further in this regard, as 
discussed more fully below, it is among the objects of certain highly preferred 
embodiments to provide animals, methods, compositions, devices, technologies, 
systems and the like for the commercially advantageous and/or economically 
viable production of certain desired proteins, particularly human blood proteins. 
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especially, human antibodies, human albumins, human vWFs, human fibrinogens, 
human prothrombins and/or human thrombins, especially human fibrinogen, 
human prothrombin and/or human thrombin, in the saliva of monogastric ruminant 
transgenic non-human mammals, particularly porcine, ovine, caprine and/or 
bovine mammals, especially bovine non-human mammals. 

In accordance therewith and with other aspects of the invention, it is an 
object of the invention in certain aspects to provide in certain of its preferred 
embodiments animals, methods, compositions, devices, technologies, systems 
and the like for the commercially advantageous and/or economically viable 
production of desired polypeptides and/or proteins in and from the saliva of 
transgenic animals, including single-chain proteins, multi-chain proteins, and 
polypeptides, including relatively short polypeptides also referred to as peptides 
and/or oligopeptides. 

Especially in the foregoing regards, the invention provides in certain further 
aspects and preferred embodiments animals, methods, compositions, devices, 
technologies, systems and the like for the commercially advantageous and/or 
economically viable production of desired polypeptides and/or proteins in and from 
the saliva of transgenic animals, including probioactive and/or bioactive 
polypeptides and/or proteins in single-chain proteins, multi-chain proteins, and 
polypeptides, including relatively short polypeptides also referred to as peptides 
and/or oligopeptides. 

Also especially in this regard, the invention provides in certain further 
aspects and particularly preferred embodiments animals, methods, compositions, 
devices, technologies, systems and the like for the commercially advantageous 
and/or economically viable production of desired probioactive and/or bioactive 
pharmaceutical proteins and/or other pharmaceutical polypeptides in and from the 
saliva of transgenic animals, including probioactive and/or bioactive single-chain 
pharmaceutical proteins, probioactive and/or bioactive multi-chain pharmaceutical 
proteins, and probioactive and/or bioactive pharmaceutical polypeptides, including 
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probioactive and/or bioactive peptides (relatively short polypeptides, also referred 
to as peptides and/or oligopeptides). 

In all these regards, in accordance with further of its objects, the invention 
in certain aspects and further particularly preferred embodiments provides 
animals, methods, compositions, devices, technologies, systems and the like for 
the commercially advantageous and/or economically viable transgenic production 
of desired probioactive and/or bioactive pharmaceutical proteins and/or other 
pharmaceutical polypeptides in and from the saliva of transgenic animals, 
including probioactive and/or bioactive single-chain pharmaceutical proteins, 
probioactive and/or bioactive multi-chain pharmaceutical proteins, and 
probioactive and/or bioactive pharmaceutical polypeptides, including probioactive 
and/or bioactive peptides (relatively short polypeptides, also referred to as 
peptides and/or oligopeptides), wherein the aforementioned polypeptides and/or 
proteins are (and/or are selected from the group consisting of) phytases, 
antibodies, growth hormones, and blood proteins including, but not limited to, 
serum albumin and proteins of hemostasis, especially in this regard fibrinogen, 
prothrombin, thrombin and von Willebrand Factor ("vWF"), very especially in this 
regard human serum albumin, human fibrinogen, human prothrombin, human 
thrombin and human vWF, very especially particularly human fibrinogen, human 
prothrombin and/or human thrombin. 

In accordance with the above, in certain further aspects the invention 
provides in further particularly preferred embodiments animals, methods, 
compositions, devices, technologies, systems and the like for the commercially 
advantageous and/or economically viable transgenic production of desired 
proteins, polypeptides and/or other substances as described above, wherein the 
transgenic proteins, polypeptides and/or other substances differ from the non- 
transgenic, naturally occurring proteins, polypeptides and/or other substances in 
its structure, particularly in covalent structure and/or in activity, especially covalent 
structure. In one aspect in this regard, in certain particularly preferred 
embodiments the transgenic substances are the polypeptides and/or proteins 

Page 8 of 105 



WO 03/069984 



PCT/US03/04807 



described above (including all of the single-chain proteins, multi-chain proteins, 
and/or other polypeptides described above, in both probioactive and bioactive 
forms, including the particularly named groups and species of proteins named 
above, including but not limited to phytases, growth hormones, antibodies, 
albumins, vWFs. fibrinogens, prothrombins and thrombins, particularly human 
vWF human fibrinogen, human prothrombin and human thrombin, especially 
human fibrinogen and/or human prothrombin and/or human thrombin), and they 
differ from their non-transgenic naturally occurring form in one or more structures 
and/or one or more structural features and/or one or more characteristics 
produced by post-translational processing and/or one or more post-translational 
modifications, including but not limited to structural features produced by 
proteolytic cleavage and/or processing, and post-translational covalent 
modifications including but not limited to glycosylation, acteylation. gamma- 
carboxylation, methylation, sulfation, and poly-ADP-ribosylation. In particularly 
preferred embodiments in this regard, the structural differences do not diminish 
and preferably increase the effectiveness and/or utility of the product, especially in 
this regard, the ease of regulatory approval and effectiveness as a medicament 
and/or therapeutic agent. 

In another aspect in these regards, the invention provides in certain of its 
preferred embodiments transgenic polypeptides and proteins in accordance with 
the foregoing that differ in their primary amino acid sequence from that of the 
naturally occurring non-transgenic polypeptide or protein. In further preferred 
embodiments in this regard the polypeptide and/or protein differs from the non- 
transgenic. naturally occurring polypeptide and/or protein in primary structure and 
in structures produced by post-translational processing and/or modification. In yet 
other preferred embodiments in this regard the transgenic substances have 
substantially the same or the same activities as the non-transgenic substances, 
but in other preferred embodiments in this regard the transgenic substances differ 
from the non-transgenic substances in one or more of their activities and/or their 
specific activities. 

Page 9 of 105 



WO 03/069984 



PCT/US03/04807 



In yet additional aspects in this regard, the invention provides in certain 
particularly preferred embodiments non-naturally occurring substances produced 
by a transgenic animal in accordance with the foregoing and as described 
elsewhere herein, wherein the transgenic polypeptide and/or protein and/or other 
substance differs from that occurring in nature in its complexation with itself to 
form multimers or with other substances, and/or it comprises a moiety not present 
in the polypeptide and/or protein and/or other substance as it occurs in nature, 
and/or wherein the polypeptide and/or protein or other substance does not 
comprise a moiety present in the polypeptide and/or protein or other substance as 
it occurs in nature 

In yet further aspects in this regard the invention provides in certain 
particularly preferred embodiments non-naturally occurring substances produced 
by a transgenic animal in accordance with the foregoing and as described 
elsewhere herein, wherein the transgenic polypeptide and/or protein differs from 
that occurring in nature in its primary structure, and wherein its amino acid 
sequence differs from the amino acid sequence of the polypeptide and/or protein 
as it occurs in non-transgenic animals but otherwise has 80% to 90%, preferably 
90% to 95%, and more preferably 95% to 98%, identity with the amino acid 
sequence of the polypeptide and/or as it occurs when isolated from its natural host 
animal. Among preferred embodiments in this regard are those wherein further 
the polypeptide and/or protein has one or more activities of the polypeptide and/or 
protein as it occurs naturally, those wherein the polypeptide and/or protein has 
one or more activities with substantially the same or the same specific activity as 
the specific activity of the polypeptide and/or protein as it naturally occurs, and 
those wherein one or more activities are different and/or substantially different in a 
desired way, either less or more, than those of the polypeptides and/or proteins, 
as it is occurs naturally. Particularly preferred embodiments in all these regards 
include those in which one or more of the aforementioned activities is a 
physiological activity, those in which one or more activities are an enzymatic 
activity, a binding activity, an intra-cellular transport, those in which one or more 
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activities are physiological persistence and/or half life, and those in which one or 
more activities are pharmacological activities, particularly pharmacological 
activities effective for treating disorder or disease in a patient. 

In still yet further aspects in this regard, in accordance with the foregoing, 
the invention provides in certain further particularly preferred embodiments one or 
more non-naturally occurring polypeptides and/or proteins, wherein the transgenic 
polypeptide and/or protein differs in its specific activity from that of the naturally 
occurring polypeptide and/or protein, wherein in certain especially preferred 
embodiments in this regard, the specific activity, as a per cent of that of the 
purified, natural polypeptide and/or protein, wherein the specific activity in certain 
especially preferred embodiments in this regard is or is selected from the group 
consisting of specific activities within the range of 25% to 95%, 50% to 95%, 75% 
to 95%, 80% to 97%, 85% to 98%, 90% to 105%, 75% to 125%, 50% to 110%, 
90% to 110%, about 100%, 100%, and more than 110% of the specific activity of 
the homogeneously pure, fully active polypeptide and/or protein isolated from its 
natural source. 

In another aspect, the invention provides in certain aspects and preferred 
embodiments non-naturally occurring saliva that differs in composition from the 
composition of the naturally occurring saliva of the non-transgenic animal. The 
invention further provides in certain preferred embodiments in this regard non- 
naturally occurring saliva comprising substances that differ in the saliva as to kind 
or amount or both from those that occur naturally in the saliva of the non- 
transgenic animal, including in particularly preferred embodiments the 
aforementioned polypeptides and/or proteins. In these and other regards, in 
preferred embodiments of the invention saliva of the invention differs from the 
saliva that occurs naturally in the non-transgenic animal, entirely or in part, as a 
result of expression of a transgene, wherein in certain preferred embodiments in 
this regard the transgene is expressed specifically in salivary gland cells. In a 
related aspect, the invention provides in preferred embodiments saliva that differs 
from non-transgenic naturally occurring saliva of the animal not only in these 
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regards but also in one or more other alterations and/or changes in composition 
resulting from the action, bio-activity or bio-activities of one or more transgenic 
peptides and/or polypeptides and/or single chain proteins and/or multi-chain 
proteins on the synthesis, concentration, degradation, complexation, modification, 
conformation, distribution, activity, mobility and/or biochemical and/or biological 
activities and/or specific activities of one or more of naturally occurring saliva 
constituents, and/or the biophysical or biochemical properties of the saliva. 

In another aspect the invention provides transgenic animals that produce 
non-naturally occurring saliva that differs in its composition from the saliva that 
occurs naturally in the non-transgenic animal. In yet another related aspect of the 
invention in this regard, certain of the preferred embodiments provide transgenic 
animals genetically engineered to express in their saliva a product that does not 
naturally occur therein. In both of these and other aspects of the invention in 
certain of the particularly preferred embodiments the saliva contains a transgenic 
peptide and/or polypeptide and/or single-chain protein and/or multi-chain protein, 
wherein the transgenic peptide and/or polypeptide and/or single-chain protein 
and/or multi-chain protein is encoded by one or more transgenes and/or 
transgenic constructs that is/are selectively and/or specifically and/or exclusively 
expressed in one or more salivary gland cells in one or more salivary glands and 
secreted therefrom into the saliva, wherein in still further preferred embodiments 
the aforementioned peptides and/or polypeptides and/or proteins either are not 
present in non-transgenic naturally occurring saliva of the animal, or are present in 
the transgenic saliva in concentration or form or both concentration and form that 
does not occur in non-transgenic naturally occurring saliva of the animal. 

In another aspect, the invention provides transgenic animals comprising an 
introduced genetic construct that alters gene expression in cells associated with 
saliva production. In this regard, in certain aspects and particularly preferred 
embodiments it is a further object of the invention to provide a transgenic animal 
comprising in its genome an exogenous DNA comprising (a) c/s-acting 
transcription control regions effective for efficient transcription of operably linked 
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DNAs in cells that secrete polypeptides into saliva, and (b) operably linked thereto, 
DNA encoding a polypeptide. In this regard, in certain highly particularly preferred 
embodiments in this regard, the polypeptide comprises a signal sequence 
effective for secretion of the polypeptide into the saliva of the animal. 

In another aspect the invention in certain preferred embodiments provides 
transgenic animals that produce saliva of non-naturally occurring composition that 
differs from the composition of the saliva that occurs naturally in the non- 
transgenic animal. Further in this regard the invention provides in certain 
particularly preferred embodiments transgenic saliva that, as a consequence of 
the expression of one or more transgenes, particularly transgenes in salivary 
gland cells, and/or secretion of the transgene-encoded polypeptide and/or protein 
into the saliva: (a) comprises one or more proteins, polypeptides and/or other 
substances (in accordance with the foregoing descriptions) that is not a 
constituent of saliva that occurs naturally in the saliva of the non-transgenic 
animal; (b) and/or does not comprise a substance that occurs in and characterizes 
the saliva of the non-transgenic animal; and (c) and/or has one or more 
polypeptides and/or proteins and/or other substances in amounts that 
characteristically differ from the amounts in the saliva of the non-transgenic 
animal. 

In another aspect, the invention provides transgenic animals that produce 
non-naturally occurring saliva in accordance with the foregoing, wherein in 
preferred embodiments the transgenic animals produce in their saliva one or more 
substances of interest, particularly one or more polypeptides and/or proteins of 
interest, especially one or more of the aforementioned polypeptides and/or 
proteins. 

In all these regards, in preferred embodiments in accordance with each and 
all of the foregoing aspects and embodiments the invention provides transgenic 
animals that are mammals. In particular in this regard, the invention provides in 
further preferred embodiments in accordance with each and all of the foregoing 
aspects and embodiments of the invention transgenic mammals animals that 
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produce large amounts of saliva, particularly mammalian transgenic animals that 
produce large amounts of saliva. In additional preferred embodiments in this 
regard the invention provides transgenic non-human mammals that are ruminants, 
particularly ruminants that produce large amounts of saliva, particularly 
monogastric ruminants, particularly monogastric ruminants that produce large 
amounts of saliva. Further, the invention provides in all these regards, in 
accordance with each and all of the foregoing aspects and embodiments 
transgenic mammals that are and/or are selected from the group consisting of 
murine (e.g., mouse and rat), swine, ovine, caprine, bovine and equine transgenic 
mammals, that in further preferred embodiments in this regard are, and/or are 
selected from the group consisting of, ovine, caprine or bovine transgenic 
mammals, and that in certain especially preferred embodiments in this regard are 
bovine transgenic mammals. 

In all these and other regards, in accordance with each and all of the 
foregoing aspects and embodiments, the invention in certain preferred 
embodiments further provides methods for producing one or more substances of 
interest in saliva of transgenic animals, comprising expressing in the animal one or 
more transgenic constructs to provide the desired substance of interest in the 
animal's saliva, collecting saliva from the animal, and obtaining the substance 
from the saliva. In preferred embodiments in this regard, in accordance with the 
previously noted preferred embodiments in this regard, preferred substances are 
polypeptides and/or proteins, especially those encoded by one or more of the 
transgenic constructs, particularly polypeptides and/or proteins that undergo 
complex post-translational processing and modification that affects bio-activity, 
also particularly blood proteins, proteins of hemostasis. including regulatory, 
enzymatic and structure proteins involved in forming blood clots (coagulation), 
dissolving clots and regulating the processes of clot formation, maintenance, 
breakdown and removal, especially in particular von Willebrand Factor ("vWF"), 
fibrinogen, prothrombin and thrombin, also especially in particular albumin, 
antibodies, growth hormone and phytases. 
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In another aspect, the invention provides in certain preferred embodiments 
methods in accordance with the foregoing aspects and embodiments of the 
invention, comprising collecting saliva from one or more salivary glands of the 
transgenic animal, wherein in further preferred embodiments in this regard the one 
or more salivary gland includes or is the type of salivary gland or glands that most 
produce saliva in the animal, wherein in especially preferred embodiments one or 
more glands is one or more parotid glands, wherein further in these regards in 
certain preferred embodiments the saliva is collected from only one of a pair or 
other multiple of glands that are present in the animal, in particular in this regard 
from one of a pair of parotid glands in the animal. 

In a related aspect in this regard, the invention provides in certain preferred 
embodiments methods in accordance with the foregoing, comprising obtaining 
saliva from the animal via a cannula placed in the lumen of one or more salivary 
glands, especially parotid glands, particularly in accordance with the immediately 
foregoing preferred embodiments. In further preferred embodiments in this regard 
the invention provides methods for collecting saliva from a transgenic animal, 
comprising collecting saliva through one or more cannula placed in lumen of one 
or more saliva-producing glands, especially glands that contribute most to saliva 
production, particularly the parotid glands, especially glands in which transgene 
expression and production of the transgenic product of interest is most 
advantageous (that is: most efficient, where it is found in the highest 
concentration or the most active form, or where saliva can be obtained in the 
greatest volume, or a combination thereof), particularly wherein more than one 
tube is implanted in more than one salivary gland in the animal, also wherein 
cannula are placed in only one member of each pair of salivary glands in the 
animal, further wherein saliva is collected through the cannula continuously, and in 
other preferred embodiments, wherein saliva is collected intermittently. The 
invention further provides in certain related preferred embodiments in this regard 
methods in which cannula are permanently placed in the glands, wherein the 
saliva is collected through the cannula into a collection vessel, wherein further in 
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this regard, the collection vessel is mounted on the animal so that the animal is 
free ranging and in other preferred embodiments wherein saliva is collected from 
the animal and then transferred to a collection vessel that is not mounted thereon. 
In related preferred embodiments the invention further provides methods in 
accordance with the foregoing in which the collection vessel contains 
preservatives and/or protease inhibitors and/or agents that aid subsequent 
processes to purify the one or more substances of interest, including but not 
limited to immu no-affinity reagents. 

In yet another aspect, the invention provides genetic constructs for making 
transgenic animals, as well as transgenic constructs in accordance with the 
foregoing. In particular, the invention provides in certain preferred embodiments 
in this regard transgenic constructs comprising c/'s-acting expression control 
elements together with one or more coding regions that together encode the 
amino acid sequence of one or more polypeptides to be expressed, wherein the 
expression control elements and the coding regions are combined in the construct 
so that, when properly incorporated into a transgenic animal, they effectuate the 
synthesis of the encoded polypeptide, particularly in salivary glands of the animal 
and especially its secretion into the animal's saliva. Preferred embodiments in this 
regard as to, for instance, the encoded polypeptide, the species of transgenic 
animal, and the like are in all regards in accordance with the foregoing aspects 
and preferred embodiments. Thus, in particular, preferred embodiments of the 
invention in this regard provide, in accordance with each and all of the foregoing 
aspects and embodiments of the invention genetic and transgenic constructs that 
are specifically active in cells that secrete substances into saliva, and/or that are 
active in salivary gland cells and engender expression therein of the polypeptide 
of interest or of a precursor thereof and/or are effective in salivary gland cells to 
engender highly efficient expression and production therein of the polypeptide of 
interest or of a precursor thereof and/or are effective in parotid gland cells to 
engender highly efficient expression and production therein of the polypeptide of 
interest or of a precursor thereof and/or use a promoter and/or one or more other 
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c/s-acting control elements that are, that are derived from, or that are similar to the 
control element of one or more genes for a protein that is among the most 
abundant proteins in salivary gland cells and/or in saliva, in particular in this regard 
one of the 10 most abundant proteins in salivary gland cells and/or in saliva, yet 
more particularly, one of the 5 most abundant proteins in salivary gland cells 
and/or in saliva, and in still further preferred embodiments in this regard the most 
abundant or the second most abundant protein in salivary gland cells or in saliva. 
Among particular preferred control regions in this regard are those of genes of the 
multi-gene family of proline-rich proteins ("PRP"), in particular the promoters of 
PRP genes. 

In other aspects the invention provides in certain of its preferred 
embodiments uses of the compositions, proteins, polypeptides, and other 
substances, including among others, their utilization in therapeutic compositions 
and/or formulations for clinical use in human and veterinary health care and 
treatment; in cosmetic compositions and/or formulations, in compositions and/or 
formulations for environmental applications, such as remediation, and in other 
compositions and/or formulations in which any compositions, proteins or other 
polypeptides and other substances in accordance with the invention as described 
herein can be usefully employed. 

In brief summary, the invention relates in some aspects, to the production 
of non-naturally occurring saliva in genetically engineered animals, and to the 
production in the non-naturally occurring saliva of desired substances. In addition, 
in some aspects the invention relates also to animals genetically engineered to 
produce non-naturally occurring saliva, to the non-naturally occurring saliva thus 
produced, and to non-naturally occurring compositions made with or derived from 
the saliva. In certain further aspects the invention relates further to animals 
genetically engineered to produce non-naturally occurring constituents in their 
saliva, to non-naturally occurring compositions made with or derived from the 
saliva, and to the non-naturally occurring constituents of the saliva thus produced. 
In certain particular embodiments in this regard, the invention relates to the 
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animals genetically engineered to produce in their saliva polypeptides that differ in 
amount, modification, processing, complexation, primary, secondary, tertiary or 
quaternary structure, or nature from the polypeptides of naturally occurring saliva, 
to compositions comprising the polypeptides made with or derived from the saliva 
thus produced, to compositions comprising the polypeptides thus produced, and 
to the polypeptides themselves. The invention relates in some of its further 
aspects in accordance with the foregoing: to methods for genetically engineering 
animals to produce altered saliva in accordance with the foregoing; to methods for 
obtaining saliva from the genetically engineered animals, to methods for making 
with or deriving from saliva in accordance with the foregoing desired compositions, 
products and/or compounds; to methods for processing such compositions, 
products and/or compounds, and to methods for using them. In yet further 
aspects, the invention relates to the production of desired substances by genetic 
engineering of animals to express the substance in advantageous amount and 
form, specifically and/or exclusively in their saliva, particularly animals that 
produce copious amounts of saliva. In certain preferred embodiments in 
accordance with the foregoing the invention relates as well to the production of 
desired polypeptides, especially in the saliva of livestock animals that produce 
saliva in large volume, most especially in cows. 

Other objects, features and advantages of the present invention will 
become apparent from the following description and specific examples. It is to be 
understood, however, that the description and the specific examples, while 
indicating preferred embodiments of the invention, are given by way of illustration 
only, since various changes and modifications within the spirit and scope of the 
invention will become apparent to those skilled in the art from this the foregoing 
background and summary, from the description and the examples, and from the 
entirety of the disclosure. 

TERMS 
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The following explanations are provided as an aid to the reader in 
developing an understanding of a number of the terms and phrases as they are 
used in the description herein of the presently disclosed invention. They are 
provided to facilitate greater clarity in understanding the invention and its scope. 
They are provided by way of illustration, however, and they do not, in and of 
themselves, define the invention per se or any of its limitations. Rather, they are 
provided as usefully supplemental to the description of the invention provided in 
the other parts of the present disclosure. 

Bioactive The term "bioactive" as used herein means "biologically 
active;" "having one or more activities of biological significance," "able to carry out 
one or more activities and/or biological functions," and the like. 

Commercially advantageous The term "commercially advantageous" 
as used herein means "perceived by a business as furthering a commercial 
business goal." Commercially advantageous undertakings in accordance with the 
meaning given the term in this disclosure is not limited to profitable undertakings: 
it also includes activities undertaken to achieve commercial goals that, by 
themselves, may not be profitable. 

Economically viable The term "economically viable" means, as used herein, 
an undertaking or enterprise that is perceived to be financially rational i.e., it is 
expected to and/or actually generates net positive revenues. 

Engender The term "engender" in the context of this application refers to 
any case in which the regulatory regions are operably linked to the sequences to 
be expressed (coding sequences) so that the desired gene expression product will 
be produced in the organism. As used herein in this context the term 
encompasses not only the introduction into the organism of a construct in which 
control signals are operably linked to a structural gene encoding a polypeptide to 
be expressed, but also the integration, by either homologous or non-homologous 
into the host cell genome of one or more exogenous regulatory sequences in such 
a manner that they become operably linked to an endogenous expressible 
sequence, such as a coding sequence for the polypeptide and/or protein of 
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interest, and thereby engender expression of or contribute to causing the 
expression of (as by an enhancer sequence) a desired endogenous sequence 
(preexisting in the genome prior to introduction of the exogenous sequence). By 
"significant" is meant that the polypeptide and/or protein of interest can be 
recovered from the transgenic organism in amounts useful for research or for 
commerce or both. 

Operably linked, in operable linkage and the like 

As used herein the terms "operably linked," "in operable linkage" and the 
like generally refer to genetic elements for expressing genes and mean that the 
elements are linked together so that they can operate properly with one another 
and thereby effectuate a desired function, typically tissue-specific expression of a 
gene and, as to the present invention generally, the production of a desired 
substance in saliva of a transgenic animal containing the construct formed of the 
operably linked elements. 

Polypeptide(s) and/or protein(s) The terms "protein," "polypeptide," 
"peptide" and "oligo-peptide" generally are used herein consistent with their art 
with recognized meanings as follows. 

(1 ) "Peptides" and "oligopeptides" denote short polypeptides. Short 
polypeptides are included in the meaning of the term "polypeptide," as used 
herein. 

(2) The term polypeptide as used herein generally means an unbroken 
chain of amino acids within which each amino acid is joined by a peptide bond to 
the immediately preceding and to the immediately subsequent amino acid in the 
chain {except for the first amino acid (generally referred to as the amino-terminal 
amino acid) and the last amino acid in a chain (generally referred to as the 
carboxyl terminal amino acid) are immediately adjacent to only one other amino 
acid and therefore have only one peptide bond}. Natural polypeptides are linear 
and unbranched as a rule; but, not always. Branched polypeptides and cyclic 
polypeptides occur naturally as well, and are included in the meaning of the term 
as used herein. Naturally occurring polypeptides almost exclusively contain a 
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mixture of just 20 amino acids that predominate in this regard in virtually every 
living organism that has been examined. Nonetheless, polypeptides in nature 
undergo a wide variety of covalent modifications and contain thereby a wide 
variety of covalently modified amino acids. The term "polypeptide," as used 
herein, includes all forms of covalently modified polypeptides in this regard as 
well. Polypeptides, particularly those longer then a dozen or so amino acids, 
generally assume particular, complex conformations in solution, as a result of 
interactions with the solvent and as a result of intramolecular . interactions between 
different regions of the polypeptide itself. Under physiological conditions, 
conformation-determining solvent and intramolecular interactions generally involve 
non-covalent bonding interactions; but, covalent bonds also play an important role 
in polypeptide folding, primarily S-S bonding between cysteine residues. The term 
polypeptide as used herein includes polypeptides with any and all structural 
conformations. 

(3) Proteins primarily are composed of one or more polypeptides. Some 
are, quite simply, a single polypeptide chain. Others are a single polypeptide 
chain bonded non-covalently, or covalently, to one or more other "factors," or "co- 
factors," such as metal ions, heme, and the like. Proteins made of a single 
polypeptide, associated or not with additional factors, are referred to as "single- 
chain proteins" and similar terms herein. Commonly, proteins are composed of 
two or more polypeptides. Proteins with several polypeptide chains, whether or 
not associated with additional factors, are referred to herein as "multi-chain" 
proteins and similar terms. The polypeptides that make up a multi-chain protein 
may be all the same, or they may be different. Moreover, many proteins (both 
single chain and multi-chain) undergo processes of maturation during synthesis 
and/or activation processes that involve one or more steps of proteolytic cleavage. 
Initially intact polypeptides, as a result, are broken into several fragments. Some 
fragments remain in the protein (or are the protein, in the case of single chain 
proteins). Other fragments are released. As used herein, the term "protein" 
includes all of the foregoing forms and varieties of single and multi chain proteins, 
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including inter alia, those not associated with other factors and those that are, 
those that are intact as initially synthesized, and those that have been fragmented 
as a result of proteolytic steps of processing, maturation and/or activation. Also 
included in the meaning of the term as used herein are the aforementioned 
polypeptides in their forms. 

(4) The structural sequences of genes linearly encode the amino acids 
of polypeptides, notwithstanding the fragmented nature of eukaryotic structural 
genes in which the coding regions are broken up into smaller "exons" of coding 
sequence separated by non-coding "introns." Genes are expressed by (a) 
transcription, in which the DNA is sequence is copied into mRNA and (b) 
translation, in which the mRNA sequence directs the sequence of amino acids 
during polypeptide/protein synthesis. Although genes linearly encode 
polypeptides, a given gene may encode several different polypeptides as a result 
of alternative transcript splicing. And a single polypeptide may give rise to several 
polypeptides as a result of proteolysis occurring during processing and activation. 
Moreover, single polypeptide products of a single gene frequently self associate 
to form homo-dimer and higher homo-multimer multi-chain proteins. As used 
herein, the terms polypeptide and protein are used herein to include single 
polypeptide chains and proteins composed of one or more polypeptides of all such 
genetic and/or cellular origins and/or processes in this regard. 

(5) As the foregoing makes clear, there is considerable overlap in some 
regards between the subject matter denoted by the terms "polypeptide" and 
"protein." The present invention involves transgenic expression to produce 
substances in saliva in transgenic organisms. In certain particularly preferred 
embodiments in this regard, the products are the direct result of transgene 
expression, initially polypeptides, but often proteins, particularly homo-multimers, 
formed by the polypeptides. To denote the inclusion of both polypeptides and 
proteins in the invention in this regard, and to avoid the potential for ambiguity in 
this regard that might result from using one term or the other, whether 
systematically or not, the phrase polypeptide and/or protein has been used herein 
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to indicate that the invention generally relates to and encompasses transgenic 
production of both the polypeptides encoded by expressed transgenes, and the 
single and multi-chain proteins produced by self association of one or more types 
of polypeptides produced by expression of one transgene or more than one 
transgene,. 

Pharmaceutical polypeptide and/or protein The term "pharmaceutical" 
is used herein to refer to polypeptides and/or proteins usefully employed to treat 
disorder or disease in subjects, notably human patients. 

Proactive The term "proactive" is used herein to refer to forms of 
substances in which one or more activities is blocked and inactive; but, can be 
"unmasked" thereby to release a form of the substance with the previously 
blocked activity. 

Probioactive The term "probioactive" is used herein to mean that one or 
more biological activities of a substance is reversibly inactivated. The activities 
are "masked" as it were, but the masking can be removed, and the bioactive 
substance thus regenerated. 

Regulatory regions The term "regulatory regions" also may be referred to 
herein as "control regions," "regulatory elements," "control elements," "regulatory 
sequences" and similar terms. The term "cis-acting"element," also referred to as 
"cis-acting" regulatory element," and "cis-acting control element" each denotes a 
genetic element that controls function, in this case gene expression, i.e., a region 
of the genome, part of the DNA, that effectuates control, in contrast to other 
elements of control, such as proteins, that are not part of the DNA perse and thus 
are referred to as"trans-acting" factors. 

Significant amount, significant quantity and the like 

The terms "significant amount," "significant quantity" and the like when 
referring to the amount of gene expression, or polypeptide and/or protein and/or 
other substance of interest in saliva, and/or that can be recovered from the saliva, 
and the like, means amounts useful for research or for commerce or both. 
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Specifically The term "specifically" as used with reference to gene 
expression herein means that the gene is very considerably more active in the 
indicated cells, gland, tissue, compartment, etc. than in other cells, glands, 
tissues compartments, and that cumulative non-specific expression elsewhere 
does not deleteriously affect the host animal, and generally is diffuse, if it exists at 
all However, specific expression in one cell, gland, etc. is a matter of 
predominance, not necessarily exclusivity. Thus, as the term is meant herein, it 
can be used to say that "the WAP promoter is expressed specifically in mammary 
gland epithelial cells and thus it is useful to produce transgenic proteins 
specifically in transgenic milk'" although the WAP promoter also is active at a very 
much lower level of expression in salivary glands. 

Substantially the same The phrase "substantially the same" as used 
herein means that the subject of the phrase is almost, nearly, virtually or actually 
the same as the object of the phrase with regard to the characteristic(s) being 
discussed. Particularly, the phrase is used to denote close similarity without 
implying absolute identity. Thus, for instance, a protein produced in transgenic 
saliva that is substantially the same in its characteristics as its naturally occurring 
counterpart, nevertheless may have some specific features that alter it in minor, 
perhaps subtle ways and that thus distinguish it structurally and/or functionally 
from its natural counterpart. For instance, the phrase "substantially the same 
glycosylate," while it includes identity in some or even in all characteristics of 
glycosylation, also contemplates minor qualitative and/or quantitative differences 
in glycosylation characteristics, such as differences in the exact extent of 
glycosylation, or the exact composition or structure of the glycans, or variations in 
the distribution of glycan structures in heterogeneous populations of molecules 
being compared. It will be appreciated that the differences contemplated by the 
phrase vary with the characteristic in accordance with the variation that is 
expected by those of skill as to the particular characteristic in question. The 
phrase does not contemplate within its intended scope differences that result in 
dramatic differences in structure and/or function. For example, it does not 
Page 24 of 105 



WO 03/069984 



PCT/US03/04807 



contemplate differences in protein structure that obviate established purification 
techniques and require that new ones be developed, and it does not include 
differences in protein function that require major changes in end uses, or those 
that preclude them. 

Transgene The term "transgene" means A gene in an organism that 
contains one or more genetic elements introduced from an exogenous source. 
The transgene may be entirely of exogenous origin, which often is true of 
expression cassettes. 

DESCRIPTION 

Notwithstanding the apparent disadvantages of currently available methods 
for obtaining substances by genetically engineering animals to produce them, the 
present invention provides, among other things: methods, genetic constructs, 
transgenic animals and devices for producing desired substances in useful 
amounts and forms from transgenic saliva. It provides transgenic saliva 
comprising one or more desired substances of interest; and compositions derived 
from the saliva; it provides non-naturally occurring compositions, substances 
and/or compounds isolated from transgenic saliva. It provides useful applications 
of the foregoing methods, constructs, animals, devices, compositions, substances 
and compounds. And it provides a great many other things that will become clear 
to those of skill in the art upon reading the present disclosure. 

In particular, in all these regards and in other aspects of the invention 
further disclosed herein below, in certain of its preferred embodiments, the 
invention provides transgenic ruminant animals, particularly monogastric 
ruminants that produce large volumes of saliva, especially bovine animals, 
genetically engineered to produce in their saliva certain desired polypeptides 
and/or proteins of interest in amounts and forms useful for research or for 
commerce or both. Further related preferred embodiments of the invention 
provide methods for making transgenic cows that express the desired polypeptide 
in their saliva, genetic constructs for engineering efficient salivary gland 
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expression of desired polypeptides, methods for genetically engineering 
transgenic bovine animals that produce the desired polypeptide in their saliva, 
methods and devices for collecting and processing saliva from the transgenic 
bovine animals to make compositions comprising the desired polypeptide of 
interest, non-naturally occurring compositions derived from the saliva comprising 
the desired polypeptide of interest, non-naturally occurring polypeptides in purified 
form derived from the saliva, useful formulations comprising the compositions of 
the purified polypeptide, and useful applications of the compositions and the 
purified polypeptides. 

The methods, constructs, animals, devices, compositions, polypeptides, 
proteins, substances, compositions, formulations, uses, applications and other 
features of the present invention are illustrated by the description and specific 
examples set out in this disclosure. The disclosure, needless to say, does not 
and, indeed, cannot, set out completely and exhaustively all ramifications, aspects 
and embodiments of the invention. Nonetheless, by way of the exemplary 
description and examples, the general scope of the invention and much of its 
details will become clear to those of skill in the art. 
Saliva-Specific Transgenic Expression 

A variety of methods as described herein can be used to genetically 
engineer salivary gland-specific expression in accordance with the invention to 
produce saliva of non-naturally occurring composition, to produce substances of 
interest in transgenic saliva and to produce saliva of desirable properties, 
particularly for the production of polypeptides and/or proteins therein and 
therefrom. Some information on saliva-specific expression is provided by 
reference to the following publications, as explained in greater detail further below. 

Mikkelsen and co-workers described techniques for manipulating gene 
expression in a transgenic animal to engender secretion of a gene product into 
saliva suitable for use in certain aspects of the present invention for production of 
desired substances in saliva of genetically engineered animals. See in this regard 
Mikkelsen et al. (1992), Nature 20(9): 2249-2255, which is incorporated herein by 
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reference in its entirety in parts pertinent to gene.icaily engineering 
specific expression of genes in animais and the secret- of desired substances 
thereby into saiiva o, the genetically engineered animais. in particular, n much 
th e same manner as described by Mikkelson ef a/., saiivary-gland spechc 
expression can be engineered using transcription centre, regions o, genes ha 
encode especially abundant proteins of salivary gland ceils or of saUva rtsel . 
particular in this regard, expression control regions from the gene for parotid 
secretory proteins ("PSP") generally are suitable to engineer salivary-gland 
specific gene expression, in the manner Mikkeisen and co-workers used control 
regions from the gene for mouse PSP ("moPSP") to engender parofid-speafic 
transgenic expression in mice. The mouse PSP gene has been cloned and 
characterized by Shaw and Schibler, and by Poulsen and co-wo*ers. (See th,s 
regard, Shaw and Schibler (1986), J Mo, Bio, 192: 567-576 and Poulsen ef a/. 
(1986) EMBL J. 5: 1891-1896, which are incorporated herein by reference ,n the.r 
entirety particulariy as to transgenic salivary gland-specific expression.) The 
region of 3 flanking DNA required for salivary gland-specific expresses about 
4 6 kb; but, longer regions, extending farther upstream may provide higher levels 
o, expression. In the mouse system, notably, the transcription control regions for 
parotid giand-specific expression differ from those for sublingual gland-specfic 
expression. The general organizational schema of the transcription control 
regions necessa^ and sufficients specific and emcient transgenic express, .n 
salivary gland cells in mice fits the genera, organizational mode, of franscnpfion 
control regions of other genes with tissue-specific patterns of expression. 
Accordingly, the PSP paradigm for salivary gland-specific expression ,n mice can 
be fouowed to isolate the genetic elements for efficient, salivaty gland-specfic 
expression in other animais. Furthermore, in accordance with some preferred 
embodiments of the invention wherein endogenous transcription control regions 
are to be employed. Coned PSP genes of mice (for instance) can be used to 
isolate homologs endogenous to the desired host animal. The franscnpfion 
control regions of the host-endogenous genes then can be eharactenzed and, as 
Page 27 of 105 



PCT/US03/04807 

WO 03/069984 

srrr rrr— -— — — ■ 

Page 28 of 105 



WO 03/069984 



PCT/US03/04807 



exogenous genes, exogenous genetic elements, exogenously derived genetic 
elements and the like. As noted in greater detail elsewhere herein such elements 
may encode the expressed polypeptide, they may alter the control of expression 
of a polypeptide in the host, they may alter the amino acid sequence of the 
polypeptide in the host or a combination of these, among others. They have as a 
general property, as to the present invention, that they alter gene expression in 
cells of the transgenic host and thereby change the composition of the host's 
saliva, in particularly by engendering the production in the saliva of polypeptides 
and/or proteins and/or other substances of interest that differ from the substances 
ordinarily and/or naturally found to occur in the host's saliva, in kind and/or in 
amount and/or in both kind and amount, as set out in greater detail elsewhere 
herein. 

Among substances of interest preferred in the invention in this regard are 
probioactive proteins (including single chain probioactive proteins and multi-chain 
probioactive proteins), other probioactive polypeptides, bioactive proteins, 
(including single chain bioactive proteins and multi-chain bioactive proteins), and 
other bioactive polypeptides. Further preferred in this regard are pharmaceutical!^ 
active proteins and other pharmaceutical^ active polypeptides useful in clinical 
and veterinary applications and treatments, precursors of pharmaceutical^ active 
proteins and precursors of other pharmaceutical^ active polypeptides. 
Particularly preferred in this regard are probioactive pharmaceutical proteins 
(including single chain probioactive pharmaceutical proteins and multi-chain 
probioactive pharmaceutical proteins), other probioactive pharmaceutical 
polypeptides, bioactive pharmaceutical proteins (including single chain bioactive 
pharmaceutical proteins and multi-chain bioactive pharmaceutical proteins), and 
other bioactive pharmaceutical polypeptides. 

Also among particularly preferred embodiments of the invention in these 
regards are (and/or are selected from the group consisting of) phytases, 
antibodies, growth hormones, and blood proteins including, but not limited to, 
serum albumin and proteins of hemostasis and/or thrombosis, especially in this 
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regard fibrinogen, prothrombin, thrombin and von Willebrand Factor ("vWF"), and 
precursors thereof, very especially in this regard human fibrinogen, human 
prothrombin and human thrombin and precursors thereof. 

Among the genetic constructs and the like that are useful in the invention in 
this regard are polynucleotide constructs that provide a DNA sequence encoding 
the polypeptide of interest or a precursor thereto operably linked to c/s-acting 
signals necessary for expression in a transgenic organism and, in certain 
preferred embodiments, for transport of a translation product encoded by the 
construct into a particular compartment of the organism, namely in this regard, 
saliva. 

Among preferred polynucleotides for constructs in preferred embodiments 
of the invention are DNA or RNA.DNA hybrids. Among particularly preferred 
embodiments in this regard are DNA polynucleotides. In certain preferred 
embodiments of the invention in this regard, DNAs that comprise regions of c/s- 
acting transcription controls for gene expression in salivary gland cells operably 
linked to a region or regions encoding a polypeptide and/or protein of interest, as 
particularly as described elsewhere herein, very particularly, for instance human 
fibrinogen, human prothrombin and human thrombin. DNA-DNA hybrids are 
similarly preferred in some embodiments in this regard. Also useful in this regard 
are constructs that engender non-natural expression of genes for one or more 
proteins or polypeptides of interest, including preferred polypeptides and/or 
proteins described elsewhere herein, such as, for instance, phytases, antibodies, 
growth hormones, and blood proteins including, but not limited to, serum albumin 
and proteins of hemostasis and/or thrombosis, especially in this regard fibrinogen, 
prothrombin, thrombin and von Willebrand Factor ("vWF"), including precursors 
and other related polypeptides, very especially in this regard human fibrinogen, 
human prothrombin and human thrombin and precursors and related polypeptides 
thereof. Also especially preferred in this regard are constructs that are stably 
incorporated in the genome of germ line cells of the mature organism and 
inherited in normal, Mendelian fashion by reproduction thereof. Constructs that 
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comprise an operable signal sequence that effectuates transport into saliva are 
further preferred in the invention in this regard. 

The constructs may be one polynucleotide or several polynucleotides when 
introduced into a cell or embryo or the like to form a transgenic animal in 
accordance with the invention. Particularly preferred are single chain, double- 
stranded DNA polynucleotides in this regard. Also preferred are DNA-RNA hybnd 
polynucleotides. When more than one polynucleotide is used in this regard, they 
generally combine with one another and/or with endogenous genetic elements of 
the host organism, as a result of in vitro or in vivo processes, to form a construct 
that then engenders transgenic expression of the polypeptide of interest ,n the 
host organism, particularly in salivary gland cells, especially parotid gland cells, 
most especially epithelial cells of parotid glands that secrete efficiently into the 
lumen of the gland and thus into the saliva. 

In certain particularly preferred embodiments of the invention, preferred 
constructs provide a polynucleotide sequence encoding a particular polypeptide of 
interest or a related polypeptide operably linked to the c/s-acting s.gnals 
necessary for expression in mammary gland cells and for secretion into saliva of a 
non-human transgenic mammal. Particularly highly preferred in this regard are 
c/s-acting signals that provide efficient expression in salivary gland cells and 
secretion into saliva of the polypeptide in a form that preserves its native activity 
with little or no expression elsewhere in the organism, as described in greater 
detail elsewhere herein. DNA and RNA:DNA hybrids are particularly preferred 
polynucleotides in this regard. DNA is especially preferred. 

r.^-ACTING SEP- 1ENCES FOR TRANSGENIC E XPRESSION 

A wide variety of genes have been expressed in a wide variety of 
transgenic organisms. Many blood proteins in particular have been expressed in 
animals. Moreover, transgenic expression of blood proteins has been targeted to 
specific compartments. The c/s-acting controls used in the past to express blood 
proteins in transgenic organisms also are useful, in many cases, in express.ng 
polypeptides and/or proteins of interest, such as the polypeptides and/or protems 
Page 31 of 105 



PCT/US03/04807 

WO 03/069984 

of preferred embodiments of the invention herein disclosed, in transgenic 

described in Lubon et a/.. Transfusion Medicine Renews X(2). 131-141 (1996) 
wnicb is incorporated by reference herein in its entirety. Some preferred 
emb odiments relating to expression-regulator regions for transgenic express,on 
of preferred polypeptides and/or proteins described eisewhere here.n are 
discussed in further detail below. 

rrrrr -"~ "ther exnrn-Won nnnrrof sequences 
The ds-acting regulator regions useful in the invention include the 
promoter used to dnve expression o, a gene in a transgenic organ.sm e«ect,ve 
tne production in the organism of polypeptides and/or proteins of mteres . 
Preferred in this regard are regulatory regions that engender the production of 
significant amounts of the polypeptide and/or protein of interest that can be 
recovered from the organism, purified and, where required, such as for 
probioactive proteins and other probative polypeptides of certain of he 
preferred embodiments of the invention in this regard, converted from the 
5 eformtothebioactiveform. The term "engender- in this context refers 
Cy case in which the regulator regions are operably linKed ,o the sequences 
le expressed (coding sequences, so that the desired gene express^ product 
wH, b e produced in the organism. As used herein in this context the term 
loom passes no.only the introduce Into the onanism ---"-^^ 

be expressed, but also the Integration, by either homologous or non-homologous 
amanner that they become operab,y,in k ed to an endogenousexpress,le 
sequence, such as a coding sequence for the polypeptide and/or 
interest, and thereby engender expression of or contribute to caus.ng the 
expression of(as by an enhancer sequence) a desired endogenous sequence 

.significant- is meant that the polypeptide and/or protein o, interest can be 
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recovered from the transgenic organism in amounts useful for research or for 
commerce or both. 

Particularly preferred are regulatory regions that provide for the production 
of significant amounts of the protein, polypeptide or other substance of interest in 
salivary glands, especially parotid glands, most especially in saliva, in particular in 
animals that produce copious amounts of saliva, especially in this regard in cows. 
Particularly useful regulatory regions for expression in saliva are promoters that 
are active in cells of salivary glands and other tissues that secrete into saliva, in 
particular in this regard in parotid gland cells that secrete into saliva, especially 
epithelial cells of parotid glands that secrete polypeptides into saliva, particularly, 
as set out elsewhere herein, in animals that produce large amounts of saliva, 
particularly in monogastric ruminant animals, especially porcine, caprine, ovine, 
bovine and/or equine animals, very especially bovine animals. Especially useful in 
this regard are regulatory regions that are specifically active in the aforementioned 
cells; i.e., that are more active in the aforementioned cells and tissues than in 
other tissues under physiological conditions where saliva is synthesized. Typically 
the regulatory regions are much more active in the specific cells and tissue than in 
any other cells or tissues. Generally, as used herein, highly preferred are 
promoters and other regulatory elements that are both specific to and efficient for 
expression in cells that secrete into saliva, particularly cells of salivary glands, 
particularly epithelial cells proximal to the lumen of salivary glands, particularly as 
well salivary gland cells that secret polypeptides and other substances into saliva, 
particularly further still cells that secrete into and largely determine and control the 
composition of saliva, particularly in animals that produce large amounts of saliva, 
especially particularly, as set out elsewhere herein, in animals that produce large 
amounts of saliva, particularly in monogastric ruminant animals, especially 
porcine, caprine, ovine, bovine and/or equine animals, very especially bovine 
animals and/or cows. By "efficient" is meant that the promoters are strong 
promoters in cells of salivary glands, that they engender the synthesis of large 
amounts of protein therein, particularly in cells that efficiently secrete the protein 

Page 33 of 105 



WO 03/069984 



PCT/US03/04807 



into saliva, especially in cows. Promoters and other regulatory elements tor 
making genetic and/or transgenic constructs that can be used to produce 
polypeptides and/or proteins in salivary gland cells and in saliva of transgenic 
mammals in accordance with the invention herein disclosed can be obtained by 
methods well known and readily available to those of skill in the clomng arts. 
Among preferred promoters and other regulatory elements for salivary gland- 
specific expression are the promoters and other regulatory regions of genes that 
are expressed at high level in salivary gland cells, especially those expressed the 
most in salivary gland cells, particularly parotid gland cells. (The term "regulatory 
regions" also may be referred to herein as "control regions," "regulatory elements." 
"control elements," "regulatory sequences" and the like.). 

It is understood that the invention encompasses both constitutive and 
inducible promoters. Among preferred promoters in this regard are inducible 
promoters, particularly those that are inducible in cells of salivary glands and cells 
of any other tissues that secrete substances into saliva, such as those that are 
induced by hormones or those that can be induced by hormones or other 
substances included in feed or in drinking water or other fluids. A wide vanety of 
constitutive and inducible promoters are known that can be used in th« regard, 
including as well as those above, those that can be induced by hormones, Uganda 
and metals. A variety of such promoters, their inducible elements, and their 
induction are described In for example, Sambrook at at. Molecular Cloning: A 
, moratory Manual. 2 M Ed„ Cold Spring Harbor Laboratory Press, Cold Spnng 
Harbor, NY (1989), which is incorporated herein by reference in its entirety 
particularly as to parts pertinent to promoters and induction. 

Among the sequences that regulate transcription that are useful in the 
invention, in addition to the promoter sequences discussed above, are enhancers, 
splice signals, transcription termination signals and polyadenylation sites, among 
others Particularly useful regulatory sequences include those that increase the 
efficiency of expression of the polypeptide and/or protein of interest in transgenic 
organisms. Also particularly preferred in this regard are those that increase the 
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specificity of expression in targeted compartments of a transgenic organism. 
Among highly particularly preferred regulatory regions in this regard are those that 
increase the efficiency, the specificity or both the efficiency and the specificity of 
expression in salivary glands, and the production of a desired substance thereby 
in the saliva of transgenic non-human animals in accordance with the invenhon. 
.T Untransla ted Sequences 

Also among regulatory sequences preferred in certain embodiments of the 
invention are sequences comprised in the 3' untranslated portion of genes that 
increase expression of transgenicly-encoded products particularly in salivary gland 
cells of transgenic non-human mammals, especially those that increase the 
amount of the product secreted into saliva. Among highly preferred sequences ,n 
this regard are those that stabilize mRNA transcribed from transgenes. Among 
preferred embodiments in this regard are sequences that compr.se a 
polyadenylation signal, particularly the polyadenylation signal of SV40. Among 
preferred regions of this type are those derived from the genes for proteins that 
are expressed at high levels in parotid gland cells. 
Tn.ffir.kinq and Translatinnal Signals 

Also important to the invention are signal sequences that can direct 
secretion of proteins into the saliva of transgenic animals. In this regard, both 
endogenous and heterologous signal sequences are useful in the invention. 
Generally, the signal peptides of proteins normally secreted into saliva are 
particulariy useful in the invention in this regard. The signal sequences of proteins 
that occur in high concentration in saliva are particulariy preferred. 

Among the sequences that regulate translation and transport, in addrhon to 
the signal sequences discussed above, are ribosome binding sites and sequences 
that augment the stability of mRNA. Also, especially useful in the present 
invention are sequences that advantageously modulate post-translat,onal 
modifications in accordance with the invention herein described. 
rtFNF Activation 
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Changes in gene expression also can be engineered in transgenic animals 
without using a complete structural gene sequence. Perhaps most notably in this 
regard, the expression of endogenous genes can be activated - or altered in other 
ways - by recombination in situ in a host cell between an exogenous DNA and the 
target gene. The recombination event removes inactive endogenous expression 
controls and leaves active expression controls in their place. Gene activation 
methods can be applied to engender expression of any "endogenous" gene, i.e., 
any gene in the genome at the time of recombination: not only native genes but 
also of one or more previously modified native genes and/or one or more 
transgenes previously integrated into the host. Perhaps needless to say, the 
previously integrated transgenes in this regard may be of entirely heterologous 
origin, or may be chimeric genes (containing some regions(s) endogenous to the 
host and others from heterologous sources), or may be almost entirely, or entirely 
in some methods, endogenous to the host (for instance, a native structural gene 
of the host linked to 3' and 5' flanking regions derived from different host genes. 
Gene activation methods can be used to make transgenic animals by altering the 
genome and gene expression of germ cells, embryonic cells and/or somatic cells. 
Techniques in this regard are described in, for example, WIPO International 
Publications numbers WO 93/09222 and WO 91/12650, and US patent number 
5,641,670, each of which is incorporated herein by reference in its entirety in parts 
pertinent to in situ gene activation methods for use in the present invention. As 
described therein and elsewhere, specific polynucleotide sequences 
corresponding to regions of a target gene, such as polypeptides and/or proteins of 
preferred embodiments of the invention herein disclosed, or to regions proximal or 
distal thereto, are used to target integration of an exogenous construct into a 
specific site in a genome by homologous recombination of the specific sequences 
in the construct with their counterparts in the target site. Specific expression- 
regulatory sequences can be integrated into genomes in this way to control 
expression of specific genes. The methods can be used to turn targeted genes on 
or turn them off or to alter their regulation in a cell. Accordingly, these methods 
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can be used to engender production of desired polypeptides and/or proteins in 
cells in which it is not ordinarily produced, or to increase expression in cells that 
normally produce it at low levels. These methods also can be used to introduce 
specific mutations into a gene. By these means specific mutations can be 
introduced into coding regions of endogenous genes, such as those that encode 
functional regions of the protein. 

In some cases, cells that can be manipulated in this way can be used to 
make transgenic organisms, although such methods are not available currently for 
all organisms. In one embodiment in this regard, for example, a DNA encoding a 
human polypeptide and/or protein of interest can be introduced into a transgenic 
animal and subsequently modified therein as described above. Alternatively, a 
cell can be thus modified in vitro to express the polypeptides and/or proteins of 
interest. Subsequently, the cell can be introduced into an animal, preferably into 
the major secretory salivary gland, preferably, in accordance with various 
preferred embodiments in this regard further disclosed elsewhere herein, into the 
parotid gland in non-human mammals that produce large amounts of saliva, in 
particular amounts sufficient for commercially advantageous and/or economically 
viable production of substances from the saliva, especially transgenic 
polypeptides and/or proteins, further especially in this regard monogastric 
ruminant non-human mammals that produce the aforementioned sufficient 
amounts of saliva, also further especially in this regard porcine, ovine, caprine, 
bovine and/or equine animals that produce the aforementioned sufficient amounts 
of saliva, particularly especially bovine animals in this regard. 

In an illustrative embodiment in this regard, the host cell can be a fertilized 
oocyte or embryonic stem cell that can be used to produce a transgenic animal 
containing a gene encoding a polypeptide and/or protein of interest. Alternatively, 
the host cell can be a stem cell or other early tissue precursor that gives rise to a 
specific subset of cells that can be used to produce transgenic tissues in an 
animal. 

Making Transgenic O rganisms 
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Transgenic organisms that express a polypeptide and/or protein of interest 
may be produced in accordance with the invention described herein using many 
well-known techniques, such as those described in GENETIC ENGINEERING OF 
ANIMALS, Ed. A. Puhler, VCH Publishers, New York (1993), in more detail in 
Volume 18 in Methods in Molecular Biology: TRANSGENESIS TECHNIQUES, 
Eds. D. Murphy and D. A. Carter, Humana Press, Totowa, New Jersey (1993), 
and in Lubon et al. (1996), Transfusion Medicine Reviews X(2): 131-141 , each of 
which is incorporated herein by reference in their entireties particularly as to the 
foregoing in parts pertinent to methods for making transgenic organisms in 
general, and to methods useful for making transgenic organisms that produce 
substances in their saliva, particularly polypeptides and/or proteins. 

In particular, transgenic animals, such as murine (mouse and rat), swine, 
ovine, caprine, bovine and equine animals, that produce saliva of altered 
composition, such as transgenic animals that produce in their saliva a desired 
substance not naturally occurring therein in accordance with certain preferred 
embodiments of the invention, can be produced using methods described, in 
among others: MANIPULATING THE MOUSE EMBRYO, Hogan eta/., Cold 
Spring Harbor Press, Cold Spring Harbor, NY (1986); Krimpenfort et al. (1991), 
Bio/Technology 9: 844 etseq.; Palmiter et al. (1985), Ce//42: 343 et seq. ; 
GENETIC MANIPULATION OF THE EARLY MAMMALIAN EMBRYO, Kraemer et 
al., Cold Spring Harbor Press, Cold Spring Harbor, NY (1985); Hammer et al. 
(1985), Nature 315: 680 et seq.; U.S. Patent number 4,873,191 of Wagner et al., 
Genetic Transformation of Zygotes, and U.S. Patent number 5.175.384 of 
Krimpenfort et al.. Transgenic Mice Depleted in Mature T-Cells and Methods for 
Making Transgenic Mice, each of which is incorporated herein by reference in its 
entirety particularly as to the foregoing in parts pertinent to producing transgenic 
mammals by introducing DNA or DNA.RNA constructs for polypeptide and/or 
protein expression into cells or embryos. (Regarding DNA:RNA constructs and 
their use see for instance U.S. Patent number 5,565,350 of Kmiec, Compounds 
and Methods for Site Directed Mutations in Eukaryotic Cells and U.S. Patent 
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number 5,756.325 of Kmieo. Compounds and Mefhods for Site D/reCed MM. 
,n Eufcaryofc Ce„s. each of which is incorporated by reference herein ,n 
entirety particuiariy as to the foregoing in pads pertinent to targeted genehc 
manipulations useful to produce transgenic organisms in accordance with the 
present invention. 

Thus, for example, transgenic organisms of the present invenbon can be 
produced by introducing into eggs or developing embryos one or more genetic 
constructs that engender expression of one or more polypeptides and or pro ems 

of interest. Wei, known and readily available methods generally can be used 
introducing genetic material into cells and/or for altering endogenous genehc 
material for making transgenic organisms in accordance with the invenbon. 
, Among useful techniques in this regard are those for introducing genetic 
constructs and/or other genetic or genome altering DNA, RNA, PNA or ° tner 

transfection, by means of cationic reagents, by using sperm or sperm heads 
, ike , by lipofection, by liposome fusion, by electroporation, and by ball.sbc 
bombardment, among other we,, known techniques usefu, for ,h,s purpose^ New 
techniques that may be deve,oped in this regard also will be record when they 
become available as being usefu, for introducing genetic materia, or a,.er,ng 
endogenous genetic material in accordance with various aspects and 
embodiments of the invention herein described. 

Useful techniques in this regard include those that involve integration of 
exogenous genetic material into the host eel, genome by homologous 
recombination, such as those that can be employed to achieve targeted 
integration, and those that involve non-homologous integration. Wh„e stable 
integration o, genetic material into the host genome is preferred in certain aspects 
a Tmbodimen,s of the invention, methods that provide stable genetic alterations 
by means of extra-chromosoma, elements a,so are usefu, in certain aspects and 
embodiments o, the invention, as are methods that provide transient incorporate 
into and/or alteration of host eel, genetic materia, and/or transient a,.erat,on of 
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introduced genetic constructs and/or transient alteration of host cell gene 
expression and/or protein synthesis. 

I, will be appreciated that the foregoing is provided as being illustrative of 
the many well known and avai.able methods that can be used by those of stall ,n 
the pertinent art to make transgenic animals in accordance with the present 
invention, in particular to make transgenic animals in accordance with the present 
invention that express a transgene in saliva^ gland cells and thereby produce a 
substance of interest in the animal's saliva, in particular a polypeptide and/or 
protein of interest, further particularly wherein the salivary gland cells are cells of 
the parotid gland and the cells continuously secret the polypeptide and/or protem 
into the gland duct and thereby into the saliva. 

Using these methods and others, constructs can be introduced ,nto 
piuripotent cells, totipotent cells, germ line cells, eggs, embryos at the one cell 
stage embryos at several stages of greater numbers of cells, and cleavage stage 
embryos, among others, to make transgenic organisms of the invention. In these 
regards, among others, they may be introduced by such methods in pronucle, 
nuclei cytoplasm or other cell compartments or into extracellular compartments of 
multicellular systems to make transgenic organisms of the invention. 

in a preferred method, developing embryos can be infected with retrov,ral 
vectors and transgenic animals can be formed from the infected embryos. >n a 
particularly preferred method DNAs in accordance with the invention are mjected 
into embryos, preferably a. the single-cell stage. In some particularly preferred 
embodiments in this regard, DNA is injected in the pronucleus of a one-cell 
embryo. In other preferred embodiments in this regard, DNA is injected ,nto the 
cytoplasm of a one eel, embryo. In ye. another particularly preferred embodiment 
in this regard. DNA is injected into an earty stage, several cell embryo In these 
regards, in like manner, in yet other preferred embodiments a DNA-RNA hybnd ,s 
injected into an embryo, particularly single-cell embryos, into the pronucleus or the 
cytoplasm, or into an early stage embryo. 
Somatic c *>» tranaaenesis 
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Similarly, in some aspects and embodiments in accordance with the 
present invention genetic eiements and/or constructs for engendering gene 
expression to produce one or more desired poiypeptide and/or pro.e.ns and/or 
other substances in saiiva are introduced directiy into an animal and mcorpora.ed 
into some of the animal's somatic cells. preferab,y cells of one or more sa„vary 
glands, particularly one or more salivary glands that are major(s) sites of saliva 
production, particularly cells, glands and animals in accordance with preferred 
embodiments o, the invention set out elsewhere herein, especially, to rerterate a 
few of the preferred embodiments in this regard, one or more parotid glands that 
are major(s) sites of saliva production in monogastrio ruminant animals that 
produce large quantities of saliva, especially ovine, caprine or bovine an,ma,s. 
particularly especially parotid glands of bovine animals. 

,n further prefened embodiments in this regard the genetic elements and/or 
gene constructs are introduced into salivary glands, preferably parotid glands. 
tak en up by cells thereof, and, when integrated into the genome of the salivary 
gland cells, engender therein expression ofagene. and thereby the produCon o, 
one or more desired substances in the saliva of the transgenic animals. 
Transgenic animals produced by such methods generally will be chimeric; ,e„ 
transgenic only in some of their cells . i.e., salivary gland cells, not in others. 
Germ cells generally will not be altered - unless specifically targeted. The 
offspring of these animals thus generally will be norma,; not transgenic. Despite 
this and other disadvantages, somatic cell mediated transgenic methods does 
o„er a number o, advantages, in principle. First, a seeming disadvantage of such 
methods - namely, lack of reproductive competence of the transgemc cells wh.ch 
precludes inheritance in offspring of the transgene and its qualities - actually 
provides at least one important advantage. Since the transgene cannot be 
reproductive* transmuted it is confined to the animals into which i, is de Ubera.ely 
introduced, and somatic cell transgenesis thus provides a high intrins.c level of 
bio-containment. More practically, and perhaps more importantly, access to 
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cells in vivo. As described therein, there are a variety of well known and readily 
available replication-deficient recombinant adenovirus-derived vectors that can be 
used to transduce a cloned gene into salivary gland epithelial cell types and 
engender therein high level expression of the transgene. in rats. Gene transfer 
into salivary glands also has been achieved with non-recombinant adenoviruses, 
vectors derived from retroviruses, and with plasmid conjugates. 

Purification of Constructs for Makin g Transgenic Animals 
Constructs for producing one or more polypeptides and/or one or more 
proteins and/or one or more other substances of interest in saliva of transgenic 
non-human animals in accordance with the invention, such as double-stranded 
DNA and DNA:RNA hybrid constructs, can be prepared by any of a wide variety of 
well known molecular biology methods. DNAs in double-stranded form may be 
manipulated by conventional methods to provide constructs having the structures 
and properties set out elsewhere herein for expression in transgenic organisms, 
particularly cells of one or more salivary glands, especially one or more major 
glands of saliva formation, also especially one or more of the major glands for 
secretion of polypeptides and/or proteins and/or other substances of interest into 
saliva, also especially one or more major salivary glands that secrete the most 
polypeptide and/or protein into the saliva of the animal, also especially one or 
major salivary glands that secrete the greatest volume of saliva forming 
constituents in the salivary gland duct, particularly especially cells of the parotid 
glands of non-human monogastric ruminant mammals, preferably in this regard 
monogastric ruminant mammals that produce large volumes of saliva, also 
particularly especially porcine, ovine, caprine, bovine or equine mammals, very 
especially one or more parotid glands of bovine mammals. 

For DNA:RNA hybrids, well known vectors that contain bacteriophage 
promoters, such as the T3 and T7 promoters can be used to produce RNA for 
DNA:RNA hybrids and well known vectors that produce single-stranded DNA may 
be used to produce single-stranded DNA for DNA:RNA hybrids. 



Page 43 of 105 



WO 03/069984 PCT/US03/04807 

Constructs can be amplified by conventional techniques for cloning and 
propagation in a host organism such as a bacterial host, a yeast host, an insect 
cell host, a mammalian cell host, or other suitable host. Constructs also can be 
amplified by in vitro methods such as PCR. Constructs can be derived from 
natural, cloned or synthesized DNA or RNA, in whole or in part. Polynucleotide 
constructs may contain modified bases as well as the bases that occur naturally in 
DNA and RNA. 

Often constructs for making transgenic organisms in accordance with the 
invention are manipulated or propagated joined to or in the presence of other 
polynucleotides. These extraneous polynucleotides can be removed prior to using 
a construct to produce a transgenic organism. For instance, a genetic construct 
(such as an expression construct comprising (i) a structural gene for a polypeptide 
to be produced in saliva, operably linked to (ii) c/s-acting regulatory and other 
signals sufficient for expression of the structural gene in salivary gland of the 
gland cells and secretion of the expressed polypeptide into the duct lumen, and 
into the saliva), that has been propagated and amplified as part of a cloning vector 
(such as a plasmid vector), generally can be released intact from the vector by 
restriction enzyme cleavage, then separated away from the vector restriction 
fragments by gel electrophoresis and then recovered from the gel, often by 
electroelution, all following standard molecular biology techniques. Similar 
techniques of gel electrophoresis and electroelution are useful to purify PCR 
amplicons as well. Constructs for introduction into cells to make transgenic 
organisms in accordance with the invention generally are purified by one or more 
steps, well known to those of skill in the art, such as, but not limited to HPLC, 
ultracentrifugation through a sucrose gradient, ultracentrifugation through an NaCI 
gradient or, in certain particularly preferred embodiments in this regard, by 
combination of two or more of electroelution, HPLC, sucrose gradient 
centrifugation and NaCI gradient centrifugation. 
DNA Encoding Polypeptides 
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Genetic constructs that comprise one or more structural genes for one or 
more polypeptides and/or proteins of interest for use in making transgenic 
organisms in accordance with the invention can be obtained using standard 
molecular biology techniques, including but not limited to techniques for cloning, 
synthesizing and modifying DNAs. RNAs, PNAs and combinations thereof, among 
others. Genomic DNAs, minigenes and cDNAs are particular* preferred in th,s 

reqard. . . 

Structural gene-containing constructs, such as genomic DNAs, m,n,genes 
or cDNA constructs, encoding one or more polypeptides and/or one or more 
proteins derived from a variety of organisms may be used in the invention ,n th,s 
regard For instance, genetic constructs encoding a polypeptide and/or protein 
that can be used for salivary gland cell-specific expression in accordance w,th the 
invention include, among others, those derived from genes and cDNAs of 
mammals, particularly murine, (mouse and rat), swine, ovine, capnne. bov,ne, 
equine animals, from primates and from humans. In this regard, among the most 
highly preferred DNAs are those derived from human genomic DNA and from 
human cDNAs. 

Particularly preferred genetic constructs for use in the present ,nvent,on are 
those that engender expression of human polypeptides and/or proteins of interest, 
particularly those polypeptides and/or proteins of preferred embedments 
described elsewhere herein, particularly proteins that are (and/or a protein 
selected from the group consisting of) phytases, antibodies, growth hormones, 
and/or blood proteins including, but not limited to, serum albumin and proteins of 
hemostasis and/or thrombosis, especially in this regard fibrinogen, prothrombin, 
thrombin and von Willebrand Factor ("vVVF"). and precursors thereof, very 
especially in this regard human fibrinogen, human prothrombin apd human 
thrombin and precursors thereof, particularly among these human fibnnogen, 
human prothrombin, human thrombin and human vWF. Genomic DNAs, 
minigenes and cDNAs are preferred in some embodiments in this regard. 
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Genomic DNAs that encode a polypeptide and/or protein of interest can be 
obtained, for instance, from libraries of human genomic DNA or human cDNA. 
Clones encoding the polypeptide and/or protein of interest can be identified in the 
libraries by probe hybridization techniques. Probes specific to the target genomic 
clone or cDNA can be designed using well known and readily available software, 
based on a known gene sequence, or less desirably a polypeptide and/or protein 
sequence. Generally, partial or full sequences of previously characterized 
genomic or cDNA clones that can be used in this regard are available in well 
known and readily available databases of genomic and cDNA sequences, 
particularly for human genes, but also increasingly for genes of other organisms. 
Sequences for probes can be ascertained from the known sequences using off 
the shelf software designed for this purpose, which is available from commercial 
suppliers, as well as available over the world wide web. The probes then can be 
used to identify clones encoding the polypeptide and/or protein of interest in a 
cDNA or genomic DNA library using standard, well known library screening and 
cloning techniques. 

Cloned genes for a variety of human blood proteins involved in maintaining 
hemostasis that can be used in this regard in accordance with the invention are 
set out in Degen (1992), Seminars in Thrombosis and Hemostasis 18(2): 230-242, 
which is incorporated herein by reference in its entirety particularly as to the 
foregoing in parts pertinent to genomic DNAs, minigenes DNAs and cDNAs 
encoding proteins involved in thrombosis and hemostasis. Genetic constructs that 
engender production of naturally occurring forms of preferred polypeptides and/or 
proteins of the invention are highly particularly preferred in some aspects and 
preferred embodiments of the invention. Genetic constructs that engender 
production of altered, mutated, and/or modified forms of the preferred 
polypeptides and/or proteins are preferred in other aspects and preferred 
embodiments of the invention. 

Modifications can be introduced into naturally occurring forms of genes and 
of the polypeptides encoded thereby using techniques well known to the art, such 
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as the synthesis of modified genes by ligation of overlapping oligonuoleotides, and 
by introducing mutations directly into cloned genes, as by oligonucleot.de 
mediated mutagenesis, inter alia. 

Particularly preferred modifications in this context include but are not l,m,ted 
to those that alter post-translational processing as discussed above, that alter 
size that fuse portions of other polypeptides and/or proteins to those of the 
polypeptide and/or protein of interest, that alter the active site of the polypept.de 
and/or protein of interest, that stabilize the polypeptide and/or protein of interest, 
mat control transport and/or secretion of the polypeptide and/or protein of interest, 
that alter, augment, multiply, decrease or eliminate physiological activities of the 
polypeptide and/or protein of interest. 

For instance, among modifications preferred in this regard are those that 
alter parts of a precursor of an active form of a polypeptide and/or prote.n of 
interest that do not alter the structure of the polypeptide and/or protein of interest 
derived from it, such as would be the case for activation of a polypeptide and/or 
protein of interest by proteolytic cleavage of an inactive precursor, such as, for 
example, activation of an inactive fusion protein by cleavage by Factor Xa 
complex, in this regard see. for instance, pages 514-516 in TEXTBOOK OF 
HEMATOLOGY. 2nd Edition, Shiriyn B. McKenzie, William & Wilkins. Baltimore 
(1996) which is herein incorporated herein by reference in parts pertinent to 
activation of inactive and other forms of precursors by proteolytic cleavage, 
particularly as to proteins of hemostasis and/or thrombosis that are synthesized as 
pro-bioactive polypeptides and/or proteins and subsequently converted to 
bioactive polypeptides and/or proteins, at least in part by proteolytic cleavage 
including in this regard, but not limited to fibrinogen, prothrombin, thromb.n and 
von Willebrand Factor ("vWF"), and precursors thereof, very especially ,n this 
regard human fibrinogen, human prothrombin and human thrombin and 
precursors thereof. 

Further preferred embodiments in this regard relate to modifications that 
affect, alter, add to, or eliminate one or more of post-translational modifications of 
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polypeptides of the invention. Certain particularly preferred embodiments in this 
regard relate to modifications that alter one or more physiological functions and 
provide improved characteristics and/or performance, such as improved act^es. 
especially improved pharmacological and/or physiological activities, improved 
stability, improved properties for purification, and improved phys,olog,cal 
persistence, among others. 

in certain aspects of the invention in this regard, as set out above and ,n 
some details below, preferred embodiments of the invention in this regard relate 
«o among others, polypeptides and/or proteins that are (and/or are selected from 
the group consisting of) phytases. antibodies, growth hormones, and blood 
proteins including, but not limited to, serum albumin and proteins of hemostas.s 
and,or thrombosis, especially in this regard fibrinogens, prothrombins, thromb.ns 
and von Willebrand Factors ("vWFs"), and precursors thereof, very especially ,n 
this regard human fibrinogen, human prothrombin and human thromb,n. and 

precursors thereof. 

Specifically as to certain embodiments of the invention relafing to 
polypeptides and/or proteins that undergo r carboxylation. such as certa.n 
proteins involved in hemostatic process, preferred embodiments in this regard 
include modifications that result in one or more additions, deletions or alterafions 
of sites of v -carboxylation or to other sites that influence and/or modulate y- 
carboxylation, and/or that change the Y -carboxylation of the thus mod,f,ed 
polypeptides and/or proteins and thereby provide improved characteristics of the 
polypeptides and/or proteins of interest, specifically including but no. limited to 
improved characteristics of calcium-dependent membrane binding, and/or to b,nd 
to and/or accrete at and/or localize to sites of injury, and/or improve the 
contribution of glutamic acid residues to modulating interaction and complex 
formation with other factors such as. for certain blood proteins in parficular, 
vitamin K-dependent coagulation factors. 

Certain preferred embodiments in this regard also relate to add,t,on. 
deletion or alteration of sites to change glycosylation of polypeptides of the 
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invention. Particularly preferred embodiments in this regard involve alterations to 
N-linked glycosylation sites, and sites that match the consensus sequence of N- 
linked glycosylation sites, such as Asn-X-Ser/Thr, the primary signature of re- 
linked glycosylation sites in human proteins, and other sites that match consensus 
and other signatures of sites of N-linked and other types of glycosylation in human 
and/or non-human proteins. Such sites are described, for instance, in Degen, 
Seminars in Thrombosis and Hemostasis 18(2): 230-242 (1992) which is 
incorporated herein by reference in its entirety, as to the foregoing particularly with 
regard to glycosylation sites and consensus glycosylation sequences in 
polypeptides and/or proteins of interest in accordance with the invention in this 
regard. 

Particularly preferred embodiments in this regard include those that alter 
one or more glycosylation sites to provide one or more improvements in 
glycosylation-dependent activities of the altered polypeptides and/or proteins of 
interest, including but not limited to improved characteristics as to one or more of: 
one or more physiological activities, including but not limited to enzymatic activity, 
substrate preferences, binding to cofactors and other moieties, complex formation, 
thermal stability, resistance to proteases and physiological persistence, among 
other things. In this regard see, for instance, PROTHROMBIN AND OTHER 
VITAMIN K PROTEINS Vols I and II, Seegers and Walz, Eds., CRC Press, Boca 
Raton, FL (1986) which is incorporated herein by reference in its entirety, as to the 
foregoing particularly in parts pertinent to glycosylation of polypeptides and/or 
proteins in accordance with the invention, especially in this regard Vol. 1 , Chapter 
8, Kobata and Mizuochi, Current Status of Carbohydrate Constituents and 
Prospects, 81-94. 

Polypeptides and Proteins 

In an important aspect the invention provides polypeptides and/or proteins 
of interest, particularly in amounts and at costs that are advantageous for their 
production for commercial enterprise and/or that are commercially advantageous 
and/or that are economically viable, particularly in amounts and initially comprised 
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these and other regaras. im. bioa ctive proteins , and 

-^^fEt: — " 

ptotei ns and/oromer stances ^"'^"Ei;,,,,.,*.. 
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substance in one or more structural characteristics. In especially preferred 
embodiments in this regard the transgenic and naturally occurring polypept.de 
and/or protein or other substance differ in their covalent structure and/or in act.v.ty. 
Structural characteristics that differ in certain preferred embodiments .n th.s 
regard include but are not limited to structural features produced by proteose 
cleavage and/or processing, and post-translational covalent modifications 
including but not limited to glycosylation, acteylation, gamma-carboxylat.on, 
methylation, sulfation, and/or poly-ADP-ribosylation, among others. 

in another aspect in these regards, the invention provides in certa.n of rts 
preferred embodiments transgenic polypeptides and/or proteins in accordance 
with the foregoing that differ in primary amino acid sequence from that of the 
naturally occurring non-transgenic polypeptide and/or protein. In further preferred 
embodiments in this regard the polypeptide and/or protein differs from the non- 
transgenic. naturally occurring polypeptide and/or protein in primary structure and 
in structures produced by post-translational processing and/or modif.cafon. In yet 
other preferred embodiments in this regard the transgenic substances have 
substantially the same or the same activities as the non-transgenic substances, 
but in other preferred embodiments in this regard the transgenic substances d.ffer 
from the non-transgenic substances in one or more of their activities and/or the.r 
specific activities. 

In yet additional aspects in this regard, the invention provides in certa.n 
particularly preferred embodiments non-naturally occurring substances produced 
by a transgenic animal in accordance with the foregoing and as described 
elsewhere herein, wherein the transgenic polypeptide and/or protein or other 
substance differs from that occurring in nature in its complexation with itself or w.th 
other substances and/or it comprises a moiety not present in the substance as .t 
occurs in nature and/or wherein the substance, polypeptides and/or proteins does 
not comprise a moiety present in the substance as it occurs in nature 

In yet further aspects in this regard, the invention provides in certa.n 
particularly preferred embodiments non-naturally occurring substances produced 
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by a transgenic animal in accordance with the foregoing and as described 
elsewhere herein, wherein the transgenic polypeptide and/or protein differs from 
that occurring in nature in its primary structure and wherein its amino acid 
sequence differs from the amino acid sequence of the polypeptide and/or prote.n 
as it occurs in non-transgenic animals but otherwise has 80% to 90%, preferably 
90% to 95%, and more preferably 95% to 98%, identity with the amino acid 
sequence of the polypeptide and/or protein as it occurs in the non-transgenic 
animal. 

Preferred embodiments of the invention in this regard in particular prov.de 
polypeptides and/or proteins that are homologous to human proteins that are 
(and/or are selected from the group consisting of) human antibodies, human 
growth hormones, and human blood proteins including, but not limited to, human 
serum albumin and human proteins of hemostasis, especially in this regard 
human fibrinogen, human prothrombin, human thrombin and human von 
Willebrand Factor ("vWF"), very especially in this regard human serum albumin, 
human fibrinogen, human prothrombin, human thrombin and human vWF, 
including especially probioactive and bioactive polypeptides and/or proteins in this 
regard. Particularly preferred polypeptides in this regard comprise a region that is 
70% or more, especially 80% or more, more especially 90% or more, yet more 
especially 95% or more, particularly 97% or more, more particularly 98% or more, 
yet more particularly 99% or more identical in amino acid sequence to the ammo 
acid sequence of the corresponding naturally occurring human proteins or other 
polypeptide, and that retain the desirable activities and other characteristics of the 
polypeptide and/or protein. 

Identity in this regard can be determined using a variety of well known and 
readily available amino acid sequence analysis software. Preferred software 
includes those that implement the Smith-Waterman algorithm, considered a 
satisfactory solution to the problem of searching and aligning sequences. Other 
algorithms also may be employed, particularly where speed is an important 
consideration. Commonly employed programs for alignment and homology 
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search, and ^-^^-^^J^JS;"" 
be used in this regard include FASTA, TFASTA, BLASTN BLASTPJ ASTX 
TBLASTN PROSRCH. BLAZE and MPSRCH. the latter be.ng an ,mplementat,on 

made by MasPar. 

The BLASTN, BLASTX and BLASTP programs are among preferred 
pr0 grams for homology and identity determinations, .he former for polynudeo e 
eguence comparisons and the latter two for polypeptide seguence companions 
! BLASTX for comparison of the polypeptide sequences from a„ three read.ng 
fra mes of polynucleotide seguence and BLASTP for a single po.ypep de 
seguence. BLAST programs provide several user defmable parameters that are 
e before implementing a comparison, including the flowing. (1) Avaiue ,s se, 

(2) A value is se, for S to estabiish the cut-off score for reporting a H.h S o 

JculatedfromE. The values a"d S calculated tor a given searc stnng w 
be different on different databases. Accordingly, the values chosen for E and for 

d ;„erentdatabasesa P arameterca„edZisused. While the use of soph,st,a.ed 
technigues for setting E and S are entirely consistent with the present — , a 
presently preferred method for determining similarity, homology and ,den ty of 
sequences using BLAST is to set S to the default value (1 0) and to ^ 
Lm the default value o, S using the defauit setting in the BLAST program bemg 

emP '° y ,d d entity and homology determining methods arediscussed in, for instance, 
GUIDE TO HUMAN GENOME COMPUTING, Ed. Martin J. Bishop, Academ,c 
Press Harcourt Brace & Company Publishers. New York (1994). which ,s 
incorporated herein by reference in its entirety with regard to the foregomg 
partillady in parts pertinent determining identi^and or homology of ammo ac,d 

or polynucleotide seguences, especially Chapter 7. The BLAST programs are 
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described in Altschul el at.. "Basic Local Alignment Research Tool". J Mo/ Biol 
215- 403-410 (1990). which is incorporated by reference herein in its ent,rety 
pTrticularty regarding the determination of similarity, homology and/or idenfity of 
DMA RNA and/or protein sequences in accordance with the present inventor. 
Additional information concerning sequence analysis and homology and idenfity 
determinations are provided in. among many other references we,, known and 
readily available to those skilled in the ad: NUCLEIC ACID AND PROTEIN 
SEQUENCE ANALYSIS: A PRACTICAL APPROACH, Eds. M. J. Bishop and C. 
J Rawings, IRL Press, Oxford. UK (1987); PROTEIN STRUCTURE: A 
PRACTICAL APPROACH. Ed., T. E. Creighton, IRL Press, Oxford, UK (1989 . 
Doolittle R. F.: "Searching through sequence databases" Met Enz 183: 99-1 10 
(1990)- Meyers and Miller: "Optimal a.ignments in linear space" Compur Appl,ca 
;„ B/osc/4: 11-17 (1988): Needleman and Wunsch: "A general method applicable 
,o the search for similarities in amino acid sequence of two proteins" J Mo/ 6,0/48: 
443-453 (1970) and Smith and Waterman "Identification of common molecular 
subsequences" J Mol Biol 147: 1950 el sea. (1981). each of which is incorporated 
herein by reference in its entirety with reference to the foregoing particularly ,n 
parts pertinent to sequence comparison and identity and homology 

determinations. . artho 

Among preferred embodiments in this regard are those where.n further the 
polypeptide and/or protein has one or more activities of the P o,ypeptide and/or 
protein as it occurs naturally in the non-.ransgenic animal, those wherein the 
polypeptide and/or protein has one or more activities with substantially the same 
or the same specific activity as the specific activity of the polypeptide and/or 
protein as it occurs in the non-transgenic animal, and those wherein one or more 
activities are substantially different in a desired way, either less or more, than 
those of the non-transgenic polypeptides and/or proteins. Particu.ariy preferred 
embodiments in all these regards include those in which one or more of the 
aforementioned activities is a physiological activity, those in which one or more 
activities are an enzymatic activity, a binding activity, an intracellular transport 
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activity those in which one or more activities are physioiogical persistence and/or 

palX Pharmacol activities effective tor treating one or .ore borders 
or diseases in a plant, animal or human patent. 

,n further aspects in this regard, in accordance with the forego.ng, the 
invention provides in certain further particularly preferred embodiments non- 
naturally occurring polypeptides and/or proteins, wherein the transgen.c 
:,ypepf,deand/or protein differs in its specif, activity from that o he n 
occurring polypeptides and/or proteins, wherein in certain especally re.e red 

gro upconsistingo,)25%.o95%.50%to95%,75 % to95%.8 %to9 .8 /oto 

98% 90% to 105%. 75% to 125%. 50% .0 110%, 90% to 110%. about 100 /o 

in its highly active and highly purified form. Relative specific act,v,t,es ,n h,s 
regard generally will be determined by using an accepted and accept e 
Irence preparation that can serve as an accurate oalibrafion stand a^ for 
specific activities determination, as described in somewhat greater detail 

""rifiona, aspects in this regard, the invention provides in certain of 
its preferred embodiments probative proteins and/or prob.acfive po ypept, es 
that as to one or more bio-activities are inactive in the •prob.oacfive form, but, 
! in Lvated have desired activities in the desired degree, 

provide a high degree of one or more bioactivities, especally a h,gh degree of 
a specific activity approaching the theoretical maximum specific actrv,ty. 
d0 ne using methods appropriate to the po,ypep,ideand,or protean 

activity or the activities being measured. Such methods generally w„l be those 
rZedtomeasurethepropertiesand/oractivitiesofnaturally-occumng 
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polypeptides and/or proteins, and of variants thereof produced by in vitro 

■ inter a» a As to each polypeptide and/or protein property and/or 

air protein of the present invention. will he we,, Know and read.ly ava„ab,e to 

those skilled in the pertinent arts. 

Especially preferred in this regard are Inactivities of preferred 

polyposes and,or proteins o, the invention including, bioactivities of (and/or are 

Z eld from the group consisting of) phytases, antibodies, growth hormones 
andtood proteins including, hut no, limited to. serum alhumin and 
hemostasia especially in this regard fibrinogen, prothrombin, thromb.n a d von 

hu man fibrinogen, human prothrombin, human thromb,n an human 

,n this regard especially preferred embodiments are those that have a 

bioactivitiesofthepolypeptideand/orprotein.especiallyoneormoreofthe 

from a non-transgenic organism in which it naturally occurs; ,e n t ra ,y 
occurringactivityoractivities.especianywhenmeasuredbyre^en^.oa 

preparation of the polypeptide and/or protein that is cons,dered to be 
omogeneous and highly ac«ve, par«ou,ady espeoia,,y a h,gh specie act,^ 
Terence standard preparation d, the polypeptide and,o, protetn P- »^ 
d egree of homogeneity. ve V especiaiiy a reference standard prepar^ oU 
polpeptide and/or protein that is considered to 

poiypeptides and/or proteins, an accepted standard reference prepay 
especi * one considered to be a homogeneous, fu,ly act,ve - £ 
nlrally occurring human polypeptide and/or protein. Kwill be apprecated that 

h h,y purified and active preparations may not be availabfe. « w ,ch c e a 
Je -a epted standard is preferred in the invention in this regard. It also w„, be 
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highly purified, highly active form, inter alia, transgenic polypeptides and/or 
proteins of the present invention may, in one or more specific activities, exceed 
the specific activities of existing reference preparations of the naturally occurring 
polypeptide and/or protein. Accordingly, in some aspects and embodiments of the 
invention in this regard, preferred proteins and/pr polypeptides of the present 
invention may exceed in their degree one or more activities and/or spec.f.c 
activities of available and/or known preparations of the naturally occurring, non- 
transgenic polypeptide and/or protein. 

In all of the foregoing regards, as to activities, especially bioact.vit.es. 
particularly preferred embodiments of the invention have 50% or more of one or 
more of the activities and/or specific activities of a reference standard preparation 
of the polypeptide and/or protein. 65% or more is particularly highly preferred .n 
this regard. 75% or more is especially highly preferred, 85% particularly especially 
highly preferred. 90% or more very particularly especially highly preferred, and 
95% or more is especially very particularly especially highly preferred. Other 
preferred embodiments in this regard have 25% to 1 75% of one or more of the 
activities and/or specific activities of a reference standard preparation, part.cu.arly 
50% to 150%. especially 75% to 125%. also especially 85% to 115%. particularly 
especially 90% to 110%. 

Among preferred embodiments in this regard are derivatives that differ m 
post-translational modification from that found in the human polypeptide and/or 
protein prepared from natural sources. Especially preferred in this regard are 
differences that do not cause contraindications when administered to an.mal or 
human patients. Also among particularly preferred embodiments in this regard 
are derivatives that have a lower or a higher content or different pattern of various 
particular post-translational modifications exhibited by the proteins and/or 
polypeptide from a naturally occurring source, particularly a human polypept.de 
and/or protein, especially those differences that do not cause contraindicat.on 
when administered to animal or human patients and/or that have improved 
qualities as to one or more end uses. 
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For instance, as to cartain vitamin K dependent protains important to the 
processes of human hemostasia. Y -carboxy,ation that differs detectably from the r- 
carboxylation tha, occurs in the protein isofated and purified from human sub.ects 
is preferred, particuiariy dis.inguishabiy different y-carboxyla.ion in transgenic 
poiypeptides and,or proteins that otherwise are considered by the FDA and/or 
other drug approve, authorities to be ciinicaiiy acceptabie and/or equivalent and/o 
superior in one or more characteristics to that of the naturaiiy occurnng prote.n. in 
other preferred embodiments in this regard, much the same is the case for other 
post-translational modifications, including those set out above, alone or ,n 
combination, including but not limited to glycosylate (particularly in some 
instances in this regard fucose content and/or N-acetylgalactosamine content), 
amidation, acetylation. methylation. and lipidation. 
haovfsting Saliva 

A variety of methods are available for collection saliva of genetically 
engineered anima.s in accordance with various aspects and embodiments of the 
present invention. Among these are several methods for saliva collection 
depending on the relative amounts to be collected. For example, if small amounts 
of saliva are required for initial analyses of the presence o, the transgene product, 
then collection methods suitable for small amounts but not large amounts can be 
used. Forcollecting small volumes, saliva can be absorbed from the buccal cav,^ 
by sponge absorption and then recovered from the sponge. Alternative*, small to 
intermediate amounts of saliva can be collected from the buccal cavity by 
aspiration. If copious quantities o, saliva are desired, other methods shou be 
used Preferably, in some aspects and preferred embodiments of the ,nven„on 
large volumes of saliva are collected directly from saliva^ gland ducts, preferably 
parotid gland ducts. In preferred embodiments of the invention in this regard, 
saliva is collected through flexible tubing from a cannula placed in the duct by 
surgical procedures. In brief, the surgery involves making an incision near he 
lower law, isolating and exposing the pa ro .id duct, and 

flexible tubing. The tubing is secured surgically, so that it remains ,n place ,n the 
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duct The opposing end of the cannula is externaiized through the skin adjacent 
to the initial incision. The externalized cannula then is affixed to a collection 
device for constant coNection of salivary fluids. The cannula and collection devrce 
in preferred embodiments are self-contained and are secured solely to the an.mal, 
generally to the neck, ensuring as much as possible that they do not cons.ram he 
animal's movements or cause it other discomfort that might cause it to accdently 
dislodge the collection reservoir or other parts of the apparatus, and perhaps 
cause its accidental removal. Saliva can be collected in these and other ways no, 
presented here suitable for use in various aspects of the invention. The methods 
and devices reviewed briefly below are further illustrative in this regard, and 
augment the foregoing as to methods that can be used for collecting saliva ,n 
accordance with the invention herein disclosed. 

Phillips and co-workers described a method and a device that can be used 
for collecting saliva in accordance with the present invention from dog parohd 
glands See in this regard Phillips et al. (1983), Laboratory Animal Scence 33(5): 
465-466. which is incorporated herein by reference in its entirety as to methods 
and devices for collecting saliva. Lindner and co-workers described another 
method suitable for use in the invention in this regard, particularly for collecting 
saliva of exercising animals, which they used to collect saliva from horses. See ,n 
this regard Lindner et al. (2000), J Equine Vet Sci 20(1 ): 52-54, which is 
incorporated herein by reference in its entirety as to methods and devices for 
collecting saliva. Gunzel and Hoppe described a method for collecting saliva 
suitable for use in some aspects of the present invention using a surg,cal 
technique for preparing permanent esophageal fistulas, which they used to collect 
saliva from ovine. See in this regard Gunze, and Hoppe (1976), DTW-Dtsch- 
TierarztWochenschr 83(9): 407-408, which is incorporated herein by reference ,n 
its entirety as to methods and devices for collecting saliva. Sahlu and co-workers 
described a method for collecting saliva by cannulating salivary glands that can be 
used in accordance with aspects of the invention herein described, wh.ch they 
used to collect saliva from caprine parotid glands. See in this regard Sahlu et al. 
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(1992) Canadian Jouma, of Animal Science 72(2): 245-252, which is incorporated 
herein by reference in its entirety as to methods and devices for collecting sahva. 
Fell and Shutt described methods for collecting saliva suitable for use ,n 
accordance with various aspects of the invention, which they used to collect saliva 
from sheep and calves. See Fell and Short (1986), Proceedings of the Austrian 
Society of Animal Production 16: 203-206, which is incorporated herein by 
reference in its entirety as to methods and devices for collecting saiiva. Beal also 
described methods for collecting saliva, and methods for measuring saliva flow, 
suitable for use in accordance with various aspects of the present invention, wh.ch 
was used to collect saliva from ewes by parotid gland cannulation. See ,n th,s 
regard Beal (1977), Joumal-of-Phy.iotogy 267(1): 19P-20P, which is incorporated 
herein by reference in its entirety as to methods and devices for collecting saliva. 
Lutz and co-workers described techniques for collecting saliva from awake, 
unrestrained, adult animals suitable for use in various aspects of the present 
invention, which they used to collect saliva from monkeys to measure comsol 
tevels See in this regard Lutz at a/. (2000), American Journal of Primatology 
52(2): 93-99. which is incorporated herein by reference in its entirety as to 
methods and devices for collecting saliva. 

n ir - — Ea ggEJ BSi A NtVhB Other Pro» icts from Sauva 

A wide variety of well known techniques may be employed to isolate and 
purify polypeptides and/or proteins from transgenic saliva in accordance with the 
present invention. In general, standard methods for preparing compositions from 
saliva and/or for isolating, purifying and preparing polypeptides and/or prote,ns 
can be used in this regard, including but not limited to methods used to purify 
polypeptides and/or proteins from natural sources, from host cells used for their 
production via cell-engineering, recombinant ONA techniques, cel. culture, and 
transgenic production methods, including methods for obtaining polypeptide 
and/or proteins from milk of transgenic animals. Among preferred general 
purification methods in this regard are those that do not adversely affect yield or 
activity, in some aspects of the invention it is preferred that polypeptides and/or 
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proteins are isolated from the saliva as soon as possible after it is obtained from 
the transgenic mammal. Particularly preferred for obtaining polypeptides and/or 
proteins from saliva in accordance with the present invention are methods 
involving cryoprecipitation, ion-induced precipitation, anion exchange, and/or 
immunochromatography. Among such methods are methods used to isolate 
proteins from transgenic milk that may also be adopted to isolate polypept.des 
and/or proteins from transgenic saliva in accordance with the invention here.n 
disclosed By way of illustration in this regard, such methods are described and 
variously exemplified in, among others: Denman at a/. (1991): Transgenic 
expression of a variant of human tissue-type plasminogen activator in goat m,lk. 
II- Purification and characterization of the recombinant enzyme, Bio/Technology 9: 
839-843 and Wright etal. (1991): High level expression of active human alpha-1- 
anti-trypsin in the milk of transgenic sheep, Biotechnology 9: 830-834, which are 
incorporated herein by reference in their entirety particularly in parts pert.nent to 
purification of proteins from transgenic animals. 

Some constituents of saliva, such as proteases, may degrade or be 
otherwise deleterious to transgenic proteins. Methods for producing proteins and 
other substances in saliva may have to anticipate and prevent deleterious effects 
of this type. Among preferred methods in this regard are rapid processing of 
saliva the use of low temperatures that inhibit protease activity and or decrease 
degradation of transgene products in saliva, and the use of protease inhibitors 
and/or inhibitors of other substances that may be present in saliva that 
deleteriously affect polypeptides and/or proteins and/or other substances of 
interest produced therein in transgenic animals in accordance with the invent.on 
herein described. Specific inhibitors that may be useful in this regard are well 
known to those of skill, and are widely available from commercial reagent 
suppliers such as Sigma Chemical Company. Similarly useful in this regard are 
stabilizers that may be employed to improve the yield of substances from 
transgenic saliva produced in accordance with the invention. 

VP. AND PROPER S OF PROTEINS PRODI jCED FROM SALIVA 
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In preferred embodiments of the invention methods are used for isolation 
and purification of polypeptides and/or proteins that provide a high yield of intact, 
active protein. Particularly, preferred embodiments of the invention in th.s regard 
include those that provide preparations that have a high percentage of prote.n 
having the aforementioned one or more activities, especially bioactivities. 
particularly those with preferred degrees of specific activities, as recited elsewhere 
herein. 

In preferred embodiments of the invention in this regard, the methods 
provide polypeptides and/or proteins in satisfactory, desired yield, purity and 
quality, and at cost sufficiently low for commercially advantageous and/or 
economically viable transgenic production. Methods of particularly preferred 
embodiments of the invention in this regard provide yields that are better than 
those previously achieved by other methods, either as to concentration, total 
amount of polypeptide and/or protein obtained, activity, and/or specific activity 
and/or homogeneity, including homogeneity of activity, and/or specific act.v.ty. 
physiological activity, general or specific post-translational modification, .nclud.ng 
but not limited to 7 -carboxylation and glycosylation, as appropriate for a given 
polypeptide and/or protein, a combination of one or more of any of the forego.ng. 
proteolytic processing and/or activation, among others. 

Saliva of transgenic non-human mammals in preferred embodiments of the 
invention in this regard have yields of the pure polypeptide and/or protein in the 
range of 1 ng/ml to 5 mg/ml, and in some cases more than that. 
ap.twation of Prqtpins Produced in Prec ursor Form 
In some preferred embodiments of the invention transgenic proteins and/or 
polypeptides are produced in transgenic organisms in an inactive form (referred 
to herein as a "proactive" form and/or, as to biological activity, "a probioactive" 
form) to an active form (referred to herein as an "active" form and/or, as to 
biological activity, a "bioactive" form). 

Activation in this regard preferably is carried out in accordance with this 
aspect of the invention after isolation of the transgenic polypeptide and/or prote.n 
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from the organism. It may be carried out at any stage of purification thereafter, 
including at any time from immediate isolation to the point of end-use requiring the 
activity in question of the transgenic polypeptide and/or protein in its active form. 

One method of activation in this regard involves proteolytic cleavage of the 
proactive form of the polypeptides and/or proteins. The cleavage site for 
activation in such methods may be one or more naturally occurring sites for 
activation in the polypeptides and/or proteins, or it may be one or more different 
sites, such as sites introduced for this purpose or sites utilized by cleavage agents 
that do not ordinarily act on the polypeptide and/or protein. If cleavage at more 
than one site is involved, the agents for cleavage at each site may be the same or 
may be different, and the different sites may be cleaved in a single reaction or in 
two or more successive reactions that occur and/or can be controlled and/or can 
be carried out independently of one another. Such cleavage may be carried out 
using one or more proteolytic enzymes, including those that naturally cleave the 
polypeptide and/or protein during physiological processes and/or those that do not 
ordinarily cleave the polypeptide and/or protein, including those that have been 
engineered into the transgenic product. Activation by cleavage also may be 
accomplished by chemical methods, among others. 

Among preferred enzymatic activation methods are those that use Factor 
Xa. Useful methods in this regard are described in, among others, Rosing et a/., 
j bioL Chem. 261(9): 4224-4228 (1986); Krishnaswamy et a/., J. Biol. Chem. 
261(19)- 8977-8984 (1986); Boscovic era/., J. Biol. Chem. 265(18): 10497- 
1010505 (1990); Tans et a/., J. Biol. Chem. 266(32): 21864-2873 (1991); Tijburg 
et a/., J. Biol. Chem. 266(6): 4017-4022 (1991; and Walker ef a/., J. Biol. Chem. 
269(44): 27441-227450 (1994) each of which is incorporated herein by reference 
in its entirety in parts pertinent to activation of proactive polypeptides and/or 
proteins by Factor Xa cleavage. 

Also among preferred enzymatic activation methods in this regard are 
those that use venom proteases. Methods useful in this regard are described in, 
among others, Franza ef a/., J. Biol. Chem. 250(7): 7057-7068 (1965) and Rhee et 
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a, B/ochemisfry 21: ^7-3443 (1982) each of which is incorporated herein by 
reference in its entirety in parts pertinent to activation of transgenic protems and/or 
polypeptides by cleavage with venoms. 

Further among preferred enzymatic activation methods are those that 
utiiize endogenous enzymes, such as activating enzymes tha, occur in saiiva^ 

Chemical methods that can be used for activation in accordance w„h some 
aspects and embodiments of the present invention in this regard are preferred for 
Z scale preparation, although, enzymatic methods also may be used for large 
scale processes (and chemical methods can be used for sma„ 
Among highly particuiarly preferred chemical activation methods useful ,n cert n 
particular aspects and embodiments of the invention are sodium Crate acbva. on 

I among others, Seegers e, a,, S-ood 5: 421-433 (1950). Heldebrandr e< a,.. J. 
Biol. Chi 248(10): 3642-3852 (1973) and PROTHROMBIN AND OTHER 
PROTEINS Vols I and II, Seegers and Walz. Eds.. CRC Press. Boca .Raton FL 
,,986, especia„y in this regard Voi. I. Chapter 9. Seegers. P— » and F Cor 
X ***** in 25% Sod fum tthafe So, U «o„ and Refefed Phenomena. 95-10t 
each of which is incorporated herein by reference in its entirety ,n parts pert nent 
to activation of transgenic proteins and/or polypeptides in accordance w,h h,s 
aspect o, the invention. Another chemical activation method useful ,n th,s regard 
i„ certain aspects and preferred embodiments of the invention is activate using 
protamine particulany protamine sulfate. Protamine activation methods usefu n 

incorporated herein by reference in its entirety in parts pertinent to ac— of 
proactive polypeptides and/or proteins by protamines. Ye, another preferred 

hemica, activation method usefu, in this regard is activation using 
Polyene activation methods useful in this regard are described ,n Miller. J.BtoL 

Chem 236- 63-64 (1960) which is incorporated herein by reference ,n rts ent,rety 

in parts pertinent to activation of transgenic polypeptides and/or proteins by 

polylysine in accordance with this aspect of the invention. 
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Activity Assays 

Characteristic activities of many polypeptides and/or proteins and/or other 
substances produced in transgenic saiiva in accordance with the present invention 
generally can be measured by one or more standard assays routinely employed 
for the purposes and well known to those of skill in the art. In general, any assay 
known to the art for detecting and/or characterizing and/or measuring 
quantitatively an activity of a polypeptide and/or protein and/or other substance 
(such as a naturally occurring, recombinantly produced, or transgenicly produced 
polypeptide and/or protein) can be used for detecting and/or characterizing and/or 
measuring quantitatively the same (or a sufficiently similar) activity of the same (or 
sufficiently similar) polypeptide and/or protein and/or other substance produced in 
saliva of a transgenic animal in accordance with the present invention. Among 
assays of activities useful in this regard, particularly as to certain aspects and 
preferred embodiments of the invention relating to, inter alia, preferred 
polypeptides and/or proteins set out elsewhere herein are: ligand binding assays, 
protein interaction assays, membrane binding assays, chromogenic, fluorimetric, 
and radiometric enzyme activity assays, including co-factor dependent, ligand- 
dependent and/or membrane-dependent enzyme assays. 

For instance, standard assays routinely employed in research, clinical 
laboratories and manufacturing quality control procedures for detecting and/or 
characterizing and/or measuring activities of blood proteins in research, patient 
and manufacturing process samples can be used as well to detect and/or 
characterize and/or measure quantitatively the same activities of blood proteins 
produced in transgenic saliva. Thus, for example, the standard APTT assay, 
ELISA assay and chromogenic assay of amidolytic activity used to measure 
amidolytic activities of prothrombin and thrombin in research and clinical 
laboratories also can be used to determine amidolytic activities of prothrombin and 
thrombin produced in and purified from transgenic saliva. 

For quantitative determinations of activity, preferably, a reference standard 
preparation is used to accurately quantify amounts and activities. Standard 
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preparations suitable to this purpose often are available, particularly for clinically 
significant substances. Thus, generally, suitable standards are available for 
proteins of clinical relevance, such as, thrombin, prothrombin and f,bnnogen. 
Standards used by clinical laboratories, such as those from commercial suppl.ers 
of clinical laboratory reagents of this type, are suitable in this regard. A preferred 
source of reference standard preparations, when available, is the NIH. the WHO. 
the ATCC. other non-commercial recognized standards-setting organizations, and 
commercial venders of standard preparations established by such organizat,ons 
and/or standard preparations calibrated by comparison to the established 
standard preparations. 

For instance, amidolytic activity of prothrombin in a sample can be 
determined using a chromogenic substrate and colorimetric assay routinely 
employed in clinical diagnostic laboratories, as described in US patent No. 
5 811 279 which is incorporated by reference herein in its entirety in parts 
pertinent to assay of prothrombin and thrombin activities. In brief, in accordance 
with the standard clinical laboratory procedure, amidolytic activity of the 
prothrombin sample is determined as follows. Prothrombin is converted to 
thrombin, and amidolytic activity thus activated, by incubating the prothrombin 
sample at 25°C with Factor X at a concentration of 120.5 m^g/ml Factor X ,n 1 
mM EDTA and PEG 4,000, pH 7.4. Amidolytic activity then is determined by 
incubating the activated sample with S-2238 (a chromogenic substrate for 
amidolytic activity). The amount of color generated in the assay indicates the 
amount of amidolytic activity in the sample. For quantitative estimations, senal 
dilutions of each sample generally are performed alongside serial dilut.ons of a 
well characterized reference preparation of known prothrombin concentrate and 
activity, preferably a reference preparation calibrated relative to an accepted 
National or International Standard reference preparation, so that the amount of 
activity in the transgenic product can be expressed in standard relative units and 
specific activity. 
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dotting assays also may be used to characterize the activities of clotting- 
rented proteins and/or polypeptides produced in transgenic saliva in accordance 
with the present invention, such as prothrombin and/or thrombin. Clotting acttv y 
can be measured by a variety of conventional methods, such as described ,n US 
patent No 5 445,958. which is incorporated herein by reference in its entirety ,n 
parts relating to measuring the activities of thrombin and prothrombin ,n th,s and 
other respects. Unitage of the clotting activity determined by such assays 
preferably is defined in terms of a Woridng Standard, such as. for illustrate 
example Working Standard 87/532. calibrated against the 1st International 
Standard for Factors. Use of accepted calibrated standards advantageously 
allows comparison of different assays to one another. 

The amounts of polypeptides and/or proteins of the present invention can 
be measured by a variety of well known methods that are routinely used for the 
purpose by those of skill in the pertinent arts, many of which employ antibod,es or 
antibody-derived or other immuno-reagents that are useful antigen-determ.n.ng 
reagents / e reagents that bind with sufficient specifically and avrdrty to 
discriminate by their binding the target antigen from other constituents ,n a 
sample. Analytical techniques of this type for measuring the amount of a 
polypeptide and/or protein of the invention can be carried out in solution, by so„d 
phase ELISA. using gel electrophoresis, by Western blotting, by methods that 
utilize HPLC and by a variety of other methods using one or more of many other 
commonly employed separation techniques. Such techniques are well known and 
routinely employed by those of skill in the art. who will understand the.r 
advantageous applications to determinations useful in the present invention. 

Many methods for measuring and characterizing transgenic products ,n 
accordance with the invention herein disclosed will employ well oharactenzed 
preparations of the product as reference standards of mass, concentrate, s,ze. 
structure and/or activity. Methods for making appropriate reference preparers 
for this purpose generally are specific to the particular product of interest; but. a 
variety of such techniques generally are well known for each transgenic product 
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and for many of the polypeptides and/or proteins, as well as other products, 
highly purified and well characterized standards are available from commeraal 
sources and/or non-profit research organizations and. in many cases, recognized 
standards setting organizations. 

For instance, human prothrombin (Factor II) prepared from fresh frozen 
human plasma is available in 20 mM Tris-HCI/0.1 M NaCI/1 mM Benzamid,ne/pH 
7 4 as a homogeneous preparation (as judged by 10% SDS-PAGE gels) that 
shows no reduction upon incubation with 2- mercaptoethanol, having an Exfincfion 
Coefficient (1%) of 13.6. a specific activity of 1 unit / 90 M . and a molecular 
weight of 72.000 daltons. As another example, human thrombin (Factor Ma) 
prepared from homogeneous human prothrombin by activation with Factor Xa, 
Factor Va and phospholipid is available as a homogeneous preparafion (as 
judged by 10% SDS-PAGE gel electrophoresis) with a minimum activrty of 2,700 
NIH units/mg compared to NIH standard reference preparation of the prote.n. The 
preparation is supplied in 50 mM Sodium Citrate/0.2 M NaCI/0.1% PEG-8000/pH 
6 5 with an Extinction Coefficient (1 %) of 1 8.3. and a molecular weight of 37,000 
daltons. A variety of other reagents and standards useful for determine the 
amounts and activities of this protein are well known and widely available as well. 

gTgATfVE I ISFS OF PP-vrP,M* PRODUCEDTRANS§ENiCI Y FROM SAUVA 

The transgenic animals, compositions and substances, inter alia. 
produced by and in accordance with the invention have many uses, including the 
production of proteins - and the transgenic proteins thus produced - including both 
clinical and non-clinical applications. Among preferred uses in this regard are 
clinical and veterinary uses, particularty as to certain polypeptides and/or proteins 
of preferred embodiments of the inventions set out above. Among clm.cally 
important preferred applications in this regard are uses of certain preferred 
polypeptides and/or proteins of the invention, particularly prothrombin and 
thrombin, and fibrinogen to promote hemostasia to improve anastomoses, to 
control hemorrhage, to achieve good hemostasia on bone defects, to seal vascular 
prostheses, to seal lesions and stumps, to treat pleurodesis, to close fistulas, to 
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seal membranes, in procedures to extract stones and to prevent or reduce 
perioperative bleeding, to mention just a few. Additional uses in this regard are set 
out, for instance, in PROTHROMBIN AND OTHER VITAMIN K PROTEINS Vols I 
and II, Seegers and Walz, Eds., CRC Press, Boca Raton, FL (1986) which is 
incorporated herein by reference in its entirety, as to the foregoing particularly in 
parts pertinent to uses of prothrombin, thrombin and fibrinogen, especially in this 
regard Vol. II, Chapter 7, Deutsch, The Clinical Use of Thrombin, 92-103. 

Particularly preferred embodiments in this regard especially relate to uses 
to promote hemostasis perse. Among a wide variety of such uses preferred 
embodiments relate to using transgenic saliva-produced probioactive thrombin 
(e.g., prothrombin) and/or bioactive thrombin and/or probioactive fibrinogen and/or 
bioactive active fibrinogen (and/or related proteins) in accordance with the 
invention to promote hemostasis in animals and/or humans, particularly at. to 
name just a few types of sites and wounds, lacerations and other wounds, sites of 
organ rupture, sites of bleeding during surgery, burn sites, sites of traumatic injury, 
surgical sites such as partial resections, including partial brain resections, bleeding 
biopsies, sites of tumor extirpation, including tumors from parenchymatous organs 
such as liver, spleen, pancreas, kidney, brain and prostate gland among others, 
sites of donations of skin grafts, sites of skin grafts, extraction of teeth sites, nose 
bleeding, sinus bleeding, bleeding in or near bones, gastrointestinal bleeding, and 
conjunctival wounds. 

In this regard, preferred embodiments relate to uses of polypeptides 
and/or proteins of the invention, particularly prothrombin and thrombin, to promote 
anastomoses, particularly and to. among other things, tighten classically sutured 
anastomoses, to reduce the number of sutures in, for example, anastomoses of 
intestines, small vessels, maxillo-facial vessels and extracranial anastomoses, to 
prevent kinking of arterial grafts, and to promote the combination of nerve endings, 
to name but a few. 

In this regard further preferred embodiments relate to uses of polypeptides 
and/or of the invention, such as fibrinogen in particular, produced from transgenic 
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saliva to promote hemostasis in surged and wounds associated with trauma, 
particularty wounds in civiiian and military personnei that result rom warfare. 
Particular* highly preferred embodiments in this regard reiate to u e of 
polypeptides and,or proteins o, the invention produced transgen.ciy ™* 
P palLy fibrinogen, especialiy human f,b ri nogen,ncluding as weH«en- 
related poiypep.ides and/or proteins, including among others: 
proteins, truncated polypeptides and/or proteins, hybrid pro.e.ns, fusion 
plep ides, and the like, such as these and other fibrinogen-reiated po,ypept,des 
SI proteins derived from a fibrinogen or a gene encoding a fibrinogen by such 
me thods as in vHro mutagenesis. Coning and recombination, enzyme,, or 
chemicai cleavage and/or modification and the like. degree 
polypeptides and/or proteins in this regard have, in percent parts a h gh degree 
of amino acid sequence homology and/or DNA sequence iden„«y to a fibnnogen o 

bnnogen The aforementioned fibrinogen and flbrinogen-related po.ypepfides 
nlr proteins in accordance with certain preferred embodiments of the invent,on 

ngr edients in creams, lotions, pastes, salves, liguids. "glues," especally fibnn 
glU es, and other compositions and/or formulations to stop and/or control an^r 
prevent bleeding, and in bandages, gauzes, swabs, applicator packs and other 
articles of manufacture and/or devices for administering, applymg. — * 
oovebng, working with, protecting. and,or removing cream, lotions, pas. s. salves. 
, iqu ids. glues and other compositions and/or formulations that —be 
lementioned fibrinogen and related po,ypeptides and/or prote.ns .ntended for 

use to stop and/or control and/or prevent bleeding. 

The present invention is further described by reference to the ,o„ow,ng 

examples which are provided by way o, illustration only and do not themselves 

depict in their particulars or in any genera, fashion limKations of the present 

invention. 
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EXAMPLES 

EXAMPLE 1 Construction of DNAs for Transgenic Expression of 
Polypeptides in Saliva 

As illustrated below, DNAs, vectors and expression constructs for use in 
accordance with the invention can be made using standard recombinant DNA 
techniques, such as those set forth in MOLECULAR CLONING, A LABORATORY 
MANUAL, Vol. 1 - 3, Sambrook et ai, Cold Spring Harbor Press (1989), which is 
incorporated herein by reference in its entirety in particular in parts pertinent to 
making and manipulating genetic material, including polynucleotides, for making 
and using transgenic animals in accordance with various aspects and 
embodiments of the invention herein disclosed. 

Constructs for transgenic expression of one or more genes, and for 
production specifically in saliva of one or more polypeptides and/or proteins and/or 
other substances engendered by expression of the transgene can be made readily 
using recombinant DNA techniques such as those described in the above- 
mentioned manual. Typically, the constructs are comprised of three or four 
functional elements. 

(A) DNA containing c/s-acting expression signals effective for transcription 
in salivary gland cells. Preferably, the DNA contains expression control signals 
effective for efficient transcription in parotid gland cells and/or other major salivary 
glands that secret relatively large amounts of polypeptides and/or proteins and/or 
other substances into saliva. Typically, but not always, the expression regulatory 
regions will be those of a polypeptide and/or protein that is expressed, preferably 
continuously, at high levels in cells of major salivary glands, preferably parotid 
glands, and naturally is present at high levels in saliva. The DNA often will be 
modified to ensure operativity, to facilitate joining the control regions to other 
elements of the expression construct, and/or to vector DNA, to incorporate or 
eliminate sites for amplification by PCR and/or other methods, and to facilitate 
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subsequent manipulations in making the construct, and isolating DNA for making 
transgenic organisms (among other things). 

(B) A cDNA or genomic DNA encoding (i) a polypeptide and/or protein to 
be expressed, in particular, in salivary gland cells, and (ii) a region encoding an 
operable secretion signal effective to direct secretion of the polypeptide and/or 
protein into the duct of the gland and into saliva. The secretion signal may be 
endogenous to the polypeptide and/or protein to be expressed, or it may be 
heterologous thereto. As disclosed elsewhere herein in greater detail, the 
polypeptide and/or protein in certain preferred embodiments of the presently 
disclosed invention is, among others, fibrinogen or thrombin, particularly human 
fibrinogen or human thrombin. The salivary gland cells in certain preferred 
embodiments of the invention, as disclosed further elsewhere herein, are cells of a 
parotid gland. 

(C) Termination and 3" regulatory sequences, in particular a 
polyadenylation signal effective for polyadenylation of the primary transcript in 
parotid gland cells. An SV40 polyadenylation signal is preferred in some 
embodiments of the invention, in others a polyadenylation signal of an endogenous 
gene highly expressed in salivary gland cells is preferred. 

The elements A, B and C set out above, may, in practice, occur in two 
fragments of DNA, or three fragments, or more or less fragments. Whatever 
number of such fragments, and/or intermediates in the process of making the 
construct, the elements are pined in operable linkage effective for salivary gland 
specific expression and saliva-specific expression of the desired polypeptide 
and/or protein in a DNA construct suitable for transgenesis, generally using 
standard molecular biology techniques, such as those described in the above- 
referenced laboratory manual. 

FXAMPLE 2 PREPARATION OF nNAs FOR MlCROIN.IFCTION INTO EGGS OR EMBRYOS 

A plasmid vector containing a genetic construct of Example 1 is cloned 
and propagated in E. coli. Vector DNA is isolated from the E. coli cultures by 
standard methods of lysis and precipitation, as described for instance in the 
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mentioned Moratory -nanus.. The expression construc, then is prepay for 
microinjection using state of the art procedures, such as those desc bed he 
aforementioned manual and in references discussed in th,s regard e sewhere 
nerein, as follows. A linear DNA comprising the expression construct ,s prepared 
from the ptasmid vector by restriction enzyme cieavage o, in some cases by PCR. 
The expression construct-containing DNA is separated from other DNA by 
agarose gel electrophoresis. The separated DNAs are visualized in the gel by 
fluorescence when electrophoresis is complete. Their sizes of the separated 
DNAS are determined from their migration distances in the ge, using a standard 
curve based on migration distances of DNAs of Known size resolved in the same 
oe. The expression construc. is identifled by its size and then excised from he 
eel free from other DNA. The expression construct-containing DNA ,s isolated 
from ,he excised agarose by electrocution, and recovered in a small volume of 
elution buffer. The solution containing the fragment is brought to 10 mM 
magnesium, 20 mM EDTA and 0.1% SDS and then is extracted with 
pHenol/chloroform. The DNA thereafter is precipitated from the agueous ,ayerw,.h 
2 5 volumes of e.hanol in the presence of 0.3 M sodium acetate at -20° C 
overnight. After centnfugation, the pellet is washed wKh 70% ethanoL ned, and 
Lspended in steriie distilied water. The DNA then is further purifled by sucrose 
gradient centrifugation using standard procedures. DNA concentrations are 
determined by agarose ge, electrophoresis by staining with ethid.um bromide d 
comparing the fluorescent intensity of an aliquot of the DNA with the intensity of 
standards. Samples are adjusted to 10 ug/ml and stored at -20" C pnor to 
microinjection. Standard protocols that can beused for gene 
regard are se, out in, for example, MOLECULAR CLONING, A ^™RY 
MANUAL, Vol. 1-3. SambrooK * a,. Cold Spnng Harbor Press (1089) w ,ch ,s 
incorporated herein by reference particular* as to cloning, isolating, punfying and 
manipulating DNAs for microinjection in accordance with the invention here.n 
described. 
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FXAMPLE 3 TRANSGENIC A MIMAI PRODUCTION 

(1) Mice 

Transgenic mice are produced by pronuclear microinjection using 
standard techniques as described below. 

Glass needles for micro-injection are prepared using a micropipet puller 
and microforge. Injections are performed using a Nikon microscope having 
Hoffman Modulation Contrast optics, with micromanipulators and a p.co-.njector 

driven by N 2 (Narashigi). 

Fertilized mouse embryos are surgically removed from the ov.ducts of 
super-ovulated female CD-1 mice and placed into M2 medium. Cumulus cells are 
removed from the embryos by treatment with 300 ^g/ml hyaluronidase. The 
embryos are rinsed after treatment in fresh M2 medium, transferred into M16 
medium and stored at 37°C prior to injection. 

Female mice are made pseudo-pregnant by mating with vasectom.zed 
males DNA is injected into the male pronucleus of embryos prepared as 
described above. The injected embryos are implanted into avertin-anesthet.zed 
pseudo-pregnant recipient females. Embryos are allowed to come to term and 
newborn mice are delivered. The newborn mice are analyzed for the presence 
and integration of the injected DNA. 
(2) Swine 

DNAs and injection equipment and supplies are prepared much the same 
as described for mice. Embryos are recovered from oviducts obtained from 
healthy female swine. They are placed into a 1 .5 ml microfuge tube conta.mng 
approximately 0.5 ml embryo transfer media (phosphate buffered saline + 10% 
fetal calf serum. Gibco BRL) and centrifuged for 12 minutes at 16,000 x g RCF 
(13 450 RPM) in a microcentrifuge (Allied Instruments, model 235C). The embryos 
are removed from the microfuge tube with a drawn and polished Pasteur pipette 
and placed into a 35 mm petri dish for examination. If the cytoplasm is still opaque 
with lipid such that pronuclei are not visible, the embryos are centrifuged again for 
15 minutes. Embryos to be microinjected are placed into a microdrop of med.a 
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(approximately 100 ul) in the center of the lid of a 100 mm petri dish. Paraffin oil is 
used to cover the microdrop and fill the lid to prevent media from evaporating. The 
petri dish lid containing the embryos is set onto an inverted microscope (Carl 
Zeiss) equipped with both a heated stage and Hoffman Modulation Contrast optics 
(200 x final magnification). A finely drawn (Kopf Vertical Pipette Puller, model 720) 
and polished (Narishige microforge, model MF-35) micropipette is used to stabilize 
the embryos while about 1 - 2 picoliters of purified DNA solution containing 
approximately 200-500 copies of DNA construct is delivered into the male 
pronucleus with another finely drawn micropipette. Embryos surviving the 
microinjection process in good health, as judged by visual examination, are loaded 
into a polypropylene tube (2 mm ID) for transfer into a recipient pseudo pregnant 
female swine, which is carried out much as described above. 
(3) Cows 

Bovine embryos are obtained and injected much as described above for 
mice and pigs, in accordance with the procedures for cows described in US patent 
number 6,140,552 which is incorporated herein by reference particularly in parts 
pertinent to microinjection of DNAs and other methods to produce transgenic 
bovine animals. 

EXAMPLE 4 Assessing Construct Integration 

Integration and/or alteration of host cell genomic content and/or 
organization to assess transgenesis and transgenic alterations is assessed by 
standard techniques as follows. 

(1) Preparation of DNA from Tissue Samples 
(2) From Tails and/or Ear Notch Samples 

A 5 mm piece of mouse tail is removed from each potentially transgenic 
mouse at weaning (3 weeks of age), minced, and treated with proteinase K and SDS at 37° 
C overnight. The mixture then is incubated with DNase-free RNase at 37° C for 1-2 hours. 
In some cases the mixture is extracted extensively with phenol/chloroform. DNA is 
precipitated from the mixture with sodium acetate and ethanol at -20° C overnight, collected 
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by centrifugation, washed in 70% Chanol and .hen is dried. The dried DNA pelle. is nsed 
direetly for PCR. A similar proeedure is used to prepare DNA ftom swine and hov.ne 
animals, except that DNA is isolated from ear notch tissue mstead of tail. 
(2) From Saliva 

Alternatively, but less favorably in most cases, transgene insertion and 
integrity in animals is assessed by PCR using DNA prepared from saliva much as described 
by Irwin e, a,. (1996), Nature BiCecHno^y 14(9): 1146-1148. which is incorporated 
herein by reference in its entirety particularly as to methods for using saliva to detect and 
analyze transgenesis in accordance with the inven.ron. Although saliva based assayof 
transgenesis has significant disadvantages, it also has some positive features. Importantly, 
i, can be less stressful than alternatives that depend on invasive or surgical alternatives to 
obtain cells for analysis, and i, can be repeated as many times as desired without negat.ve 
effects on the animal. For the most par,, the saliva based assay is carried on, much the same 
as assays based on DNA from tail or ear notch samples, except that the DNA for analysis ,s 
prepared from saliva. Briefly, saliva is obtained from each mouse to be assessed for 
transgenesis by pipetting a small volume of dilution buffer into the oral cavity and then 
recovering the resulting solufon back into the pipe. tip. The samp!e is spotted onto DNA 
binding paper and, after washing, DNA on the paper is amplified by PCR. The amplified 
DNA is detected directly on the binding paper by hybridization and/or analyzed by gel 
electrophoresis, and purified as described above for DNA ftom tail and ear notch samples. 
(2) nli ponncteot M* prohes for PCR assay 

Oligonucleotide pairs are used ,o prime polymerase chain reactions to detect 
constructs in the transgenic animals. Oligonucleotide pairs that bridge the targe, are used to 
detect .he exogenously-derived DNA in.egra.ed into cells of the transgenic organs, 
Primer pairs .ha. de.ee. endogenous gene sequences bu. no. the microinjected DNA are 
used as posiflve controls in the PCR assay. In particular, sets of primers are chosen based 
upon the sequence of the hybrid vector such that the PCR product incorporates both the 
promoter and structural gene elements of the transgene and thus distingmsh rt from 
naturally occumng genes that otherwise might be amplified, e.g., as would be the case for 
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primers that hybridize to ,he structural gene a,one when the sequences of «he endogenous 
and exogenous structural genes are the same. 

( 3) PGR reaction r enditions and product analysis 

PGR reactions are performed using 40 cycles in an automated temperature cycler 
(M J Research). An annealing temperature of 58- C, a dena.uration temperature of 94- C, 
and an extension temperature of 72" C. 100 ng of oligo primers and 5.0 microgram of 
(genomic) template DNA are used per PGR reaction. Products of the PCR reactions are 
analyzed by agarose gel electrophoresis. Fragment sizes arc estimated by mtgration re,a»ve 
,„ molecular weigh, standards. The sizes are compared with the sizes expected for the 
injected constmcts to venfy the presence of an intac, expresston construe, in the transgemc 
host. 

(4) p^nlts of PCR analysis of trampenic animals 
PCR analysis is performed as described immediately above reveals intac, 
expression constmcts in the DNA of some mice, pigs and cows that developed from the 
embryos mtcrointected with me expression construct-containing DNA. Wben transgemc 
animals containing an intac, expresston consume, come of age, they arc bred together. The 
offspring from tbese ma.ings are examined for the presence of the intac. transgene by tbe 
same PCR assay. Mcndelian transmission of integrated transgenes is venfied by PCR m 
several mice, pigs and cows. 
EXAMPLE 5 mm Cm lection- TRANSIENT 

For in frequent, intermittent sampling, such as may be used to assess output of me 
transgene product and ensure that it is sufficiently continuous and constant to warrant 
continuous collection, saliva is collected using absorbent sponges or aspiration as se, ou, 
herein above. 

EXAMPLE 6 Samva Cou Fcno N - Continuous 

^continuous collection of saliva the dev.ee and procedures stated herein above 
are used. Additives that are added to the collection vessel, where and when appropnate, 
such as for long-term collection, include EDTA, heparin, protease .nhibitors, salts and other 
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agents that stabilizes the integrity of the protein at room temperature and within the saliva 
environment. 

EXAMPLE 7 Quantitative Determination of Transgenic Products in Saliva 

Immunological methods such as ELISA assays often can be used to measure the 
amount of a transgenic product in saliva. ELISAs that use monoclonal antibodies or 
polyclonal antibodies can be used in this regard. Except for differences in recognition 
reagents, ELISAs in this regard are essentially the same and can be carried out using 
procedures like those described below. 

A normal non-transgenic bovine animal is used for control saliva samples. A 
series of concentration standards ranging from 1 ng/ml to 1 mg/ml is prepared by spiking a 
standard preparation of the protein (of known concentration and activity) into aliquots of the 
control saliva. The controls and transgenic saliva are analyzed simultaneously in the ELISA 
assay, as described in greater detail below. The concentration of the protein in the 
transgenic saliva is estimated by comparing ELISA results for the transgenic saliva with 
those for the standards. 

Microtiter plate wells are coated overnight at 4° C with 3 pg/ml of a monoclonal 
antibody in 50 pi of 0.1 M sodium bicarbonate buffer, pH 8.3. Afterward the wells are 
washed once with TET buffer (0.01 M Tris pH 7.5; 0.01 M EDTA; 0.02%; Tween-20, pH 
7.45). They then are blocked with 400 pi per well of 1% BSA in PBS for 1 hour at 37°C. 
Thereafter the wells are washed with TET buffer five times. 100 pi of sample or control 
saliva is introduced into the wells. The control saliva is from normal animals and is spiked 
with various amounts of a reference preparation of the transgenic product, to provide a 
calibration curve for interpolating the ELISA assay results from the transgenic samples. 
The samples are incubated in the wells to allow transgenic product-antigen therein to bind 
to the immobilized antibodies. The wells then are washed five times with TET buffer. 
Horseradish peroxidase (HRP) conjugated to rabbit antibody specific for the transgenic 
product is diluted 1:1,000 in 0.1% BSA/TET, 100 pi of the diluted HRP conjugate is added 
to each well and incubated for 2 hours at room temperature while shaking at 100 rpm. After 
the incubation, the conjugate-containing solution is removed from the wells. The wells are 



Page 78 of 105 



PCT/US03/04807 

WO 03/069984 

washed 5 times with TET buffer Then , 00 pi of, stock solution of orthophenyldiamine 
(OPD) is added ,o eaeh well. (The stock solution is made by dissolving one table, of OPD 
,„ 20 m. of 0.1 M crate-phosphate buffer, pH 5.0.) The OPD solution is incubated m the 
wells for 10 minutes a, room temperature and then the reaction is stopped by add.ng 1 N 
sulfunc acid. The extent of the reaction is determined by measuring optical absorphon of 
the acidified OPD solution in each well at 490 nm. 

Fiduciary curves are developed for the ELISA assay using a standard reference 
preparation of the product. The concentration of the product in the transgenic sahva 
samples is involuted from the fiduciary cuwes. Saliva from normal non-«ransgen,c 
ammals and/or animals transgenic for other products are used for negauve controls. 
FXAMPLE 8 SIZEASSAY 

(A) GEjaELECTBQ PHORESlS 

Saliva samples arc prepared for gel electrophoresis and western blotting by 
standard techniques. Molecular weights of proteins in saliva samples are determmed by 
denaturing po.yacrylamide gels, using standard techniques. SDS-urea loading buffer ,s 
used and the gels are SDS-polyacrylam.de gels. The per cent acrylannde and the degree of 
cross linking of the gels is tha, of well established methods for resolving the polypephdes 
and/or proteins of interest in the saliva samples. The saliva samples are analyzed m the gels 
alongside (!) a blank control from a non-transgemc animal and/or a comparable an.mal 
transgenic for an unrelated DNA, (2) control saliva containing an appropriate amount of a 
standard reference preparation of the polypeptide and/or protein of .merest, and (3) 
secular we.gh. markers. For quantitative determinations, a fiduciary concentration senes 
of the standard is run alongside the saliva samples from the transgenic animals. Severn 
ddutions of sahva samples are run on some gels for greater quantitative accuracy, as well 

For relatively high protein loadings, the gels are stained with Coomassie Blue. For 
relatively low protein loadings, the gels are stained with silver stain. The protems thus 
visualized in the transgenic samples are compared with the blank control sample, the 
samples containing the reference preparation, and the molecular weigh, standards. The 
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absence or the presence of the protein in the transgenic saliva and/or its s.ze and/or Us 
concentration in the saliva is estimated therefrom. 
(B) wpqtfrn Blotting 

Proteins separated by size in SDS gels as set out above are transferred onto filter 
membranes for Western blotting. The filter membranes are processed by standard 
techniques, and incubated with primary antibody that btnds to the protein of .merest. 
Thereafter, the bound antibody is detected much the same as for the above-descnbed 
ELISA In bnef: unbound antibody is washed away, the filter membrane is incubated w,.h 
secondary anfibody-enzyme conjugate, unbound conjugate is removed, and polypepbdes of 
,he protein of interest that bind the primary anfibody (or antibody mtxture) are visuahzed by 
chromogenic reaction of the filter-bound enzyme conjugate. The presence (or absence) 
and/or the molecular weigh.(s) and/or the integrity and/or the amount of the protetn of 
interest in the transgenic saliva are estimated by comparing the bands of the transgemc 
saliva samples with those of the controls and standards. 
EXAMPLE 9 ' SS - v OF PIST T - M tTlONAL MODIFICATION 

P^teins are isolated from saliva samples and subjected to carbohydrate 
eompositiona. analysis for Eucose, Ga, NAc, G.c, NAc, Galactose, Mannose and S.afic 
Acid by HPLC as described by Denman etal. (1991): msOscMolo^'t- ^-SA3. 

GLA-spectfic ELISA is used to determine GLA modification of prolans 
transgenically expressed in saliva, in much the same manner as the ELlSAs described 
above Fiduciary cures for these assays can be prepared by spiking non-transgemc, normal 
saliva spiked with varying concentrations of a reference preparation of known GLA content, 
and assaying these samples by the same procedure as the.es. samples. A mutein lacktng 
Gla regions can be used as a negative control in the assay. Gla-less control samples, 
normal, nontransgenic reference samples and saliva samples are all analyzed by the same 
methods Samples are loaded in 25 mM EDTA onto immunoaffrnity columns specfic for 
GLA Unbound material is washed away and .he columns then are ,rea«ed with several 
washes of 25 mM CaCl, Extraneous materia, is removed in the buffer wash, GLA 
containing protein is elated in 25 mM CaCl, and GLA-less material remains bound to the 
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column even in the presence of the 25 mM CaCl 2 . Material eluting in each wash is 
collected and assayed by ELISA using a GLA-specific antibody as described above. 

Assays for other post-translational modifications, including amidation, 
phosphorylation, ADP-ribosylation, lipidation and acetylation are carried out using similar 
well known and accepted procedures. 

EXAMPLE 10 AMIDOLYT1C ACTIVITY ASSAY 

20 uL of sample or control is mixed with 80 uL of lug/ml snake venom 
activator20 mM Tris HC1, 150 mM NaCl, 0.2% NaAzide, pH 7.4 ("activation buffer"). The 
mixture is incubated at 37 °C for one hour. 100 uL of 0.25 mM thrombin chromogenic 
substrate is then added and the color is allowed to proceed for 1 to 3 hours. Absorbency at 
450 run is determined and the activity of each sample is determined by interpolation using a 
reference curve based on human plasma prothrombin diluted in activation buffer. The 
amidolytic activity assays are carried out in accordance with the procedures disclosed in US 
patent No. 5,476,777 to Holly et al, Methods for producing thrombin, particularly at 
column 28, lines 33 et seq. in particular, which is incorporated herein by reference in its 
entirety in parts pertinent to the foregoing description of thrombotic amidolytic activity 
assay. 

EXAMPLE 1 1 Production tn of Prothrombin in Saliva of Transgenic Cows 
Prothrombin and thrombin 

Prothrombin (also called Factor H and F2) is a circulating blood protein. 
At sites of injury it is converted to thrombin by other factors of the coagulation cascade. 
Thrombin catalyzes the conversion of fibrinogen to fibrin, and the formation and cross- 
linking of fibrin clots. Prothrombin thus provides a distributed reservoir of pro-coagulant 
activity that can be converted immediately at injury sites to initiate clot formation, staunch 
bleeding and stimulate immune and healing responses. (For a review see PROTHROMBIN 
AND OTHER VITAMIN K PROTEINS Vols I and H, Seegers and Walz, Eds., CRC Press, 
Boca Raton, FL (1986) which is incorporated herein by reference in its entirety, particularly 
parts pertinent to prothrombin structure, modification, activity, production, purification, 
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physi o 1 o gi caUc tl v, ty , f u„c t ,on S a„ d e ff ec t s, a „a U ses i „c,u dl n g c ll „ i ca,a lld no n -c 1 .„ i c al 

, «, bv Facer Xa complex, which eleaves prothrombtn a. two st.es. 
T is N termina. fragment, referred to as Fragment , .2, contains the mo.et.es 

mact.ve ^^"^^^^^^^^^^ splits Prethrombin 2 into two chains linked by disulfide 
bonds, ^ed^idfid^h HEMATOLOGY, 2nd Edition, Shirlyn B. McKenzie, 

— — rr rsrr.-— — r=r 

Manyof.he modifications r egu,a,e activit.es of the proteins and ate tmportan. to the,, 

® 23 °- 242<1992)WhiCh,S ' nC ^"bo X y 1 a,ion 
Kfere „cein te en„rety,P— ^^^^TJL 

: =nr^i-—-— - 
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sit es of injury, carboxyiation of Cher g.u,amic ae,d residues modu.ates in.erae.ion 

PKysio.osicaU.par.icu.ar.yinhnmans.i. appear, ,Ha. eompMe-carno^non ,s re.n.red 
for ae,iva.ion and eonversa.ion of pro,hrombin .0 thrombin. Notabiy, .he ex.en. of y- 
carboxyiat.on of prothrombin varies ra ar k ed,y fronr one preparadon .o anorher even for 
preparadons made in .he same sys.em according .o .he same P ro.oeol. AUhough 
physiologieai activation of prothrombin requires compie.e y-carboxy,a.ion, d ,s no. 
Issary for.hromb.nae.ivi.y. in fae, a» .he sr.es for pro.hromh in y-carboxyiador, .occur 
inare.ale.ysmai.reg.on.cai.ed.he-.adoma.n.near.heearboxyi.emr.nus.Pro.eoiyt.e 

cleavage during aedva.ionsepara.es .he en.ire gia domam from , he regions of protaombm 
th a. form .hrombin and, as a resuU, .here are no carboxyfadon sdes in thrombm. Stnce 
ae.ive .hrombin does no. require y-carboxyiation i. ean be denved by chermca, and o.her 
eieavageme.hodsfrompro.hrombinwdhorwimou.y-earboxylabon. 

Pr o.hrombina,sois g .yoosy.a.ed. Human pro«hromhin contains three sites for re- 
linked g ,ycosy.at,on: Asn-79, Asn-,0, and Asn-378. An additionai si.e, Asn-Leu-Ser at 

does notappearto be giyeosyiated inhuman prothrombin. Bovine pro.hrombm,s s.mdarly 

uman pro.hrombin.bu, .he third si, in hovme prothromb.n .s Asn-7 7 rather . an As -79. 
Mousepro-hasfivesi.es for N-iinxedafycosyiation: 

Asn-378 and Asn-518. Ra. prothrombin also has five sites. Four are identteal .0 mouse, 
1. one,sd,fferen, Asn 79 rather than 77. The mouse and ra, sites a, Asn-,65, anaiogous 
,o the human site, prohabiy are no. giyeosyUed. The ex.en. and .ypes of giycosy a .on 

a „d physioiogica, firnction and effeets of prothrombin. Oenemfiy, giyoosyiatmn ean ^ 
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: n ,L g e re - w* >*,, « FL ( .« - 

Lata and Mizuochi, Current S.a.us of Cartage Consuls 

Current,,, there ,s no entireiy satisfactory way to produce prothrornb.n d,o, 
t^binthatrscornurer^^ 

.hrombin in .he saliva of transgenic ruminant mammals, cows in parttcu.ar. 

m DNA_CONSTRUCTS 

OKAS, vectors and expression constructs for use in expressmg proth™ -n and/o, 
thromb i» .sanvaof^eniccowsinaccordancewiUt.e— 
described above using standard recomhinan, DN A technics, such as those set fort 
MOLECULAR CLONING, A LABORATORY MANUAL, Vo>. 1 - 3. SambrooK - a,., 

higb ahundance in saUvazy gland ceUs and/or saUva are opera,.ve,y fused .o DNA 
^dinghunranpro—forintroducioninto and expression tn U^sg^ cows. 

„ W CeH Bio/. 9: 487-498 (1990); Degen e, «l. »■ M87-M97 (19 

Legoing in parts pertinent to ob.ain.ng DN As encoding produomb.n and related 
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polypeptides, especial genomic and cDNAs encoding the fuH length of human 
rothromb.n. Human pro.hromHn-specif.epmbese.uencesaredes.gneous.ng e 

GenBank Ml length human prothrombin sconce ana standard software. The P obe 

iloesareusedtosearehthedbESTdatabasetotdenttfythemostfuniengthhuman 

rothromb.n-encodmgeONAc.onemthe.MACEeonsortiumnbrary.The.ongesto.one.s 

id en,if,ed and, if it is no, complete, a fuU iength cDNA e.one is isoiated by routtne 
t ecrmi q uesofgenec>on,n g ,usingas probes pnmers based on sequence mformat.on from 
the databases and/or IMAGE or other cDNA clones or fragments thereof. 

The sequence of the cDNA is verified by re.se q uenc.n g . The cDNA then ts Coned 

into an expression cassette and an expression vector for propagation and to prepare DNA 

for injection. 

(,-, pMA PiiBmCATIONFOPMlCROINlECTlON 

A human prothrombin cDNA expression cassette for expression in cows is 
spared as follow, Linear DNA for injection is severed intac, from 

aga rose g e,e,ecttop h oresis. The expression cassette.Ottta.nmg fragnren, ts c, from the ge, 
and ,so,ated from the ge, plug by electrocution. The so.ution contaitung the DNA 
brought to 10 mM magnesium, 20 mM EDTA and 0.1% SDS and extracted w,.h 
pherwl/chloroform. The DNA then is precipitated from the aqueous layer with 2.5 volumes 
of ethanol in the presence of 0.3 M sod.um acetate a. -20° C overnight. After 
eentrifugation, the pellet is washed with 70% ethanol, dned, and resuspended ,n stertte 

other methods using standard procedures. DNA concentrations of purified DNAs are 
determined by agarose gel elec«rophores,s by staining with emidium hmm.de and 
comparing the fluorescent intensity of an aliquot of the DNA with the intensity of standards. 
Samples are adjusted to 10 ug/ml and stored a. -20" C prior to miero.njectton. 

(3) I^RRVn INJECTION 

Cow embryos are obtained and injected as described above. frrjecKd embryos are 
implanted as described above. 
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Tnepre^^vv^^ 

described above. 

(5) Saliva 

Saliva sa.np.es are obtained from transgenic cows nsing the methods descnbed 

elsewhere herein. 

(6) ELISA 

To assay the presence and amount of prothrombin in sahva from .be fransgemc 

^^tr^r 

EDTA/ 200 mM Nad, P H 7.4), centred a. 14,000 rpm rn a mreroeentnfrtge for 30 
l u ,es,4.C,and.heneb i Heda,4=Cun,i,nse.EUSAassa y sareusedto m eas„rete 

antibody 7D7B.0, tha, speetfrcaUy recognizes the amino tormina, reg.on of prothromb,, 

Terence in the recogn.tton reagent, the EUSAs are essentially the same and are earned 
outusing.heproceduredetanedbe.ow. 

Microliter plate wells are coated ovem.ght at 4 C wtth pg 

745) Tbeythenare blocked with 400 pi per well of 1% BSA in PBS for hour at ^ ^' 
TheearterbewellsarewashedwitbTETbuffernvetimes. 1 00 pi of sample or oontrol 
introduced into the wells. The control sahva is from normal animals and tasked 

fir the ELISA results. The saliva samples are incubated in the wells to aHow prothrombin 
reintobmd to the immobilized prothrombm-spec.fro antibod.es. The westen- 
th TFT buffer Horseradish peroxidase (HRP) conjugated 

rpm. Afterthe incubation, the conjugate-containing solution ,s removed from thewells. 
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The wdls are washed 5 times with TET buffer. Then .00 p. of a stock soiution of 
orthophe„y,diamine ( OPD),s added toeachwe,, (The stoe k so.ut.on is m ade b y 
disso.vmg one tab.e, of OPD in 20 ml of 0.1 M eitra.e-phosphate buffer (pH 5/>» 
OPD so.ufion is incubated in the wells for 1 0 minutes a, room temperature and then the 
reaction is stopped by adding . N su.func acid. The extent of the reaction is determmed by 
nreasunng optica, absorption of the acidified OPD solution in each well a. 490 nm. 

F.duciary curves are developed for the EUSA assay for both the monoclonal and 
the polyclonal reagents using a standard preparation ofhuman prothrombm. The 
concentration of prothrombin in the saliva samp.es from which they are denved .. 
interpolated from the fiduciary curves. Saliva from norma, non-transgenic cows or cows 

used for negative controls. 

Results obtained by the two EL.SAs are in Cose agreement. Almost all of the 
animals that are shown by PCR to be transgenic for the human prothrombin provide 
stgnifiean, levels of prothrombin in their saliva, generally between 0.5 to 5.0 mg/ml. 

(7) SDS-PAGE 

Prothrombm in saliva samples from transgenic cows is analyzed by SDS-PAGE 
and western blotting, asdescribed elsewhere herein. 5p. of each samp.c is di.uted to ,1 00 p. 
in SDS-PAGE Tris/g.ycine reducing cocktai., providing 1 p. of sa.iva per 20 p.s .oaded 
on.othege,. A human prothrombin standard (Enzyme Research Laboratories, ^ out ^ 
Bend IN) is run alongside the saliva samples, diluted to 5 ng/pl in reducmg cocktad (.00 
ngto e). A thrombin standard a,so is run in the same way. Sa.iva from non-transgemc 
a„ima.s, prepared and di.u.ed identicafiy to the transgenic samp.es, is run for negat.ve 
con,ro,s. AddttionaUy, saliva from cows transgenic for other proteins a.so is run as negattve 

control For quantitative esfima.es of expression .eve.s, multiple dilutions of both the 
transgenic sativa samp.c and hnman reference materia, of known concentration are run 
a,ongside one another. Samples are reso.vcd on pre-cas, 7.5"/. po.yacry.am,de ge s (B,o- 
Rad Hercu,es, CA) and electrophoresed a, 200V unti, the dye front is a, or jus. e.ufing off 
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the bottom of .he ge,. Gels are stained .o visualize proteins using Coomassie Biue and/or 
blotted onto membranes for immuno-specific detection of prothrombin as follows. 
(8) Westerns 

The separated proteins are transferred from the gels onto PVDF membranes (B,o- 
Rad) usmg the Novex X-Cell H™ Blot module (Invitrogen, Carlsbad, CA) accord.ng to 
manufacturer, recommendafions. Transfers are for 18 to 24 hr. After transfer, membranes 
are blocked in TBST-Casein (25 mM Tris, pH 7.2/ 50 mM Nad/ 0.05% Tween 20/ 0J A 
Casern) for 1-3 hours at 37= C. Sheep anti-human prothrombin antibody (ERL) ts added to 
the blocking buffer at a 1 : 1000 dilution and membranes are allowed to incubate for a. leas, 
one additional hour. The pnmary antibody solution is decanted, the membranes are 
extensively washed tn deionized water, and they then are placed in a fresh aliquot of 
blocking buffer. Thereafter, donkey anti-sheep antibody conjugated to horserad.sh 
peroxidase (Sigma, St. Louis, MO, product number 34,5) is added a, 1; ,000dilu,,on and 
,he membranes are incuba.ed for 30-75 minu,es a, 37= C. Following the incubauon the 
membranes are extensively water washed. Then color is deve.oped using a metal-enhanced 
DAB ki, (Pierce, Rockford, 1L). At the end of the color reaction, before fitrther handhng, 
,he blots are thoroughly dried on finer paper. To quant.fy the results, membranes are 
scanned using a Shimadzu CS-9000 dual-wave,eng,h, flymg spot densitometer (350nm, 
0.4X 5mm beam size). 

(9) .winnivnr ACTIVITY 

20 pi of sample or control is mixed with 80 pi of Ipg/ml snake venom activated 
nrM Tris HC1, 150 mM NaC, 0.2% NaAzide, P H 7.4 ("activation buffer"). The mtxture ,s 
inC nba,eda,37 »C for one hour. ,00 pi of 0.25 mM thrombin chromogenic substrate ,s 
then added and the color is allowed to proceed for 1 to 3 hours. Absorbance a. 450 nm ts 
determined and the activity of each sample is determined by interpolation usmg a reference 
curve based on human plasma prothrombin diluted in activation buffer. Regardmg 
amidolytic activity assays of this type see, for instance, US patent No. 5,476,777 to Ho ly - 
a, for Me,HoCs for producing thrombin, column 28, fines 33 e, sea. in particular, whtch ts 
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of thrombotic amidolytic activity assay. 

(\0\ GLA CONTENT 

heEUSAassay. All three types of samples are loaded in 25 mM EDTA onto 
Imnsthen re treated with several washes of 25 mMCaC, Matena, ehmng .n each 

boun d to the column, the presence of CaCl, Standard GLA eluates m the presenceof 
CaCl, Prothrombin saliva from transgenic animals behaves Use Ore ™* 

native molecule. 

4S Liv^ples from 12 different transgenic cows arc analyzed for the presence 
of transgenic prothrombin and/or thrombin ,4 samples taaen at different times from each 

ft om one cow, and in only the ftrs, 2 of 4 samples from another cow. Overall, 9 or dte !2 
!owsproduce P ro.hrombmin,he,rsa.iva,a,some,ime P oin,s.Of,hese,Sappear,o 

oTceprotJombmcon— y m then sahv, Prothromb.n nom .1 g prodncer cows 
rhibiJprotmombinamidolytic activity and g ,a content substantially the same as human 

prothrombin. 

(12) BREEDING 

Cows that are determined to be transgenic by PCR are bred and allowed ,0 
complete gestation. 
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EXAMPLES mmjcliomof*^^ 

Fibrinogen > 

The invention herem described is further ifiustrated by the foUowing spec.fic 
embodtmen, in whieh hnman fibrinogen is produced ir, saiiva of transgen.c cows. 

Fibnnogen is a soluble protein of high moleeular weigh. «ha. oeenrs normally ,n 
circling blood and in plasma. ,, is the major structural prote.n in blood clots and plays a 
centra, and essent.a, role in the processes of he m ostasrs and thrombosis Accord.ng y, .us 
of co„s,derab,e medical interest and as a medicament. fibrinogen, even in its s.mple, form 
is a fairly complex protein. Physiologically, ,. , even more complex. It undergoes 
of proteolytic processes in norma, physiological processes that give rise to a farm.y of 
processed fibrinogen pro,cms,po,ypep,,des and ■T.brinopep.ides." Transgenic expressron 

m ay be aimed a. some bu. no, a„ of these products; but, mus. be designed w.th them ,n 

Human fibrinogen is made up of six polypeptides: two each of three different 
cha ,ns called the A-a,pha, B-beta, and gamma chains. The six polypeptides are arranged ,n 
fibrinogen as a pair of identrcal trrmers. Each .nmer con.ains one A-alpha, o« :B- etaand 

are held .ogether by several disulfide bonds. The two trimers are bonded together by th.ee 
addifiona, d.su,fide bonds, one formed bertveen the two A-a,pha chains and two formed 
oetween the two gamma chains. The protein is soluble in this form and emulates fiee,y 

the blood. . 

Fibrinogen serves as the precursor ,o fibrtn and thus to do. formatton. I. 
converted to fibrin by thrombm a. sites of .njury. Thrombm cleaves fibrinogen near the 
ends of each A-alpha and each B-beta chain, releasmg fibrinopeptide As from the ammo 
terminal end of each A-alpha polypeptide and fibrinopeptide B mom the amino term.na, end 
of each B-beta po,ypep.,de. The resulting protein, referred to as the fibrin monomer, no, 
only is considerab,y less soluble than fibrinogen, but also self-assembles (pdymenzes, m a 
manner of speaking) into the insoluble "fibnn matrix" that serves as the prtnc. pl c 
Lponentofclots.Fibnn, cross finked in the matrix by the Faxtor XfiJa. UUtmate.y, al, 

Page 90 of 105 



PCT/US03/04807 

WO 03/069984 

going we,,, the clot is removed by the fibrino.ytic system, a process mediated primanly by 
th epro.eo,y,icac.ivi.yofp,asmino„f,brinin.hecross-,inkedf,bn„ma,nx. 

Wieavanetyofmod.f.edfomtsoffibnnogenhavebeendeve.oped.and wo* 
hasbeen carried outtodeve.op fibrinogen derivatives, fibrinogen product t^sgemc.y .„ 
s ahva - in whatever form or vane.y - to he usefid for many Cinica, purposes shou d hav 
the aforement.oned activ.ties important to its use, induding, for instance, its btophystca. 
properties tha, affect ,.s circu.ation in the Wood, its interacts with thrombm, and ,.s 
substrate interaction w„h plasmm and other components of the fibrinolytic system 

Toward this end, transgenic cows are made that produce fibnnogen m then sahva, 
and the fibrinogen is characterized for companson with natural human fibnnogen - se, out 
below. The matenals and techmques in the wo* described in this examp,c are readtly 

described in U.S. patent number 6,037,457,0 Susan T. Lord, Me, W/or — «. 
fit**- proton, tssued on March .4, 2000 (referred to hereto as the 457 pa en,) 
which relates to expresston of fibnnogen po.ypepudes and proteins in cultured cells and 
milK of transgenic animals, which is incorporated herein by reference in its enttrety 
particular^ in parts pertinent ,0 methods of making fibrinogen expresston constructs, 
techmques and processes for iso,a,ing and punfyrng fibrinogen polypepttdes and/or 
proteins, and assays and procedures for detecting and measuring characterises and 
activities of fibrinogen polypeptides and/or proteins. 

Except as noteo otherwise in the following example, chemica.s and other matenais 
e obtained fiom commercial supphers and are reagent grade or superior quality and punty. 



are o 



(1) F YPRRSSION CONSTRUCT 

The expression vector is constructed as desenbed in the foregoing examples, 
Hypepttdes of human fibrinogen are obtained much as described in Btnn.e e, «. (1993) 
DMA sequencing. DNA containing the genes is prepare, fiom clones and then hgated to 
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specific expression of each fibrinogen polypept.de. Constructs 

Lgenic cows is fton, .he cassene U M a ri z«. by and punftedby 

cons.ruc. con,ainmg an three cassettes together ,s injected as descrrbed below. 

ftom other * — — h ^;*7JZr 

agarose gel to separate the DNA fragment for injection from other fragments. 
errespond.ngto.heDNAforinject.oniscntoutandsub.ectedtoAgarasetrea.ment. 

t0 25 % in 2.5% intervals) and centnfnged at 25,000 rpm for 6 hrs at 25 C, as des nb y 

— 

m Ejection buffer to a final concen.ra.ion of 3-5 ug/rm for microhneC.on. 

( 3 ) Embryojnjection , . ac 

Cow embryos are ob.ained and mjec.ed, and meinjec.ed embryos are rmplan.ed as 

described in Examples above. 

The presenceof.heinjectedD N Ain cows from injected embryos ,s detected bv 
PCRusingprimers specific .0 .he injected DNA using memods described in Examples 
rve.mbrief.fissueUob.ained from .he cows and assayed for ,he presence of ,e 
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injected DNA by PCR as described above. PCR is carried out using primers specific to the 
in ected DNA and designed so tha, oniy DNA front anima.s incorporating cop.es of tbe 
mjectedUN - ucj PCR nroduct The PCR reaction products are resolved 

injected DNA as a transgene yields a PCR product, in 

by agarose ge, electrophoresis and visualized by eth.dium brom.de stainmg and 
fluorescence under UV light. 

(5 ) BREEDING ™ TR ^sr.FNIC COWS 

Animals tha, are determined to be transgenic by PCR are bred and offspring are 
assessed for the presence of the transgenic, itssize and ,,s copy number, as se, on, above. 

(6) SauvaXojxecjipn 

Saliva is collected from cows a, regular intervals. Saliva collection is by sponge 
or aspiration for small to intermediate volumes. Larger volumes are collected viacannu* 
fr o m ,heductlumenofoneoftbecoWsparo,,d glands. Standard surgtcal prooedmes .d 
eq „ipmen. are used to implant.be cannula. PMSF and other protease mh-bitors are ad ed 

of.besolut.onaread.ustedforstorage.orfor immediate use, as needed. Sahva ,s Lept a, ■ 

80°C for long term storage. 

Tn some cases, the sa.iva is clarified before analysis. Typically this is done by 
d i 1 u„ngthesa,iva 1:2 ,nasuitab,ebuffer ( fore X amp,e,40mMTrt, 2 00mMEDTA, 2 00 

mMNaCL pH 7.4), and the dilnted samples are centrifuged at 14,000 rpm in a 
microcentrifuge for 30 minutes at 4= C. The clarified saliva is remove, from pelleted 
material and placed in a clean tube for storage or analysis. 

(7) ELISA . . 

Saliva is assayed by ELISA to determine the presence in saliva, and, if tt ,s 
present the concentration, of transgenic* produced fibrinogen. The assays are earned out, 

•457 patent usingaprimaryantibodyspecificforfibnnogen. Saliva contaming relatively 

- issubjeetentofbrmerEL.SAtodetennineconcennabons. 

Fibnnogen from the highest producing eows is analyzed tamer as se. out below. 

(g) nsi AND WEST *™ »' ™ ANALYSIS 
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The molecular weights and distribution of fibrinogen polypeptides and proteins 
from transgenic saiiva is compared with human pUsma-derived fibrinogen by SDS 
polyacry.amide ge, electrophoresis and western blotting. Samples are resolved under 

loaded, run and Coomassie Blue stained ustng standard methods, such as those 
a a, referenced above. Western Blots are carried out much as described in Btnme e, a,. 
(,983) Bta*-*ry3Z ">™ Polyclonal an.i-fibnnogen ,s obtained from a 
commercial suppher. Monoctona, anubodies spec.fic to the A-a,pha B-beta ,« igarnma 
changes are in accordance with, respec.iveiy, Kopper, - aL (.985), « fi* S« - «*. 

J**< 260. Goat-anfi rabbit and goa.-anti alkalrne phosphatase conjugates are obtamed 
from commercial supphers. Blots are carried out on 0.45 put mtrocel.ulose 

Under non-reducng condt.ions both samples reso.ve into two bands of the same 
MW wetght: the slower corresponding ,n MW to intact fibrinogen, the faster correspondmg 
to "Low Molecular Wetght Fibrinogen" a slightly truncated form of fibnnogen lacing a 
shor.C-termina.fiagmentoftheA-alphachains, described intern, (1985, — 
Res 37- !65 e, sec,. All of the bands are detected by all of the antibod.es. 

' ~* Under reducng conditions, the saliva and plasma-denved fibrinogens give nse to 
substantially the same results. The preponderant majonty of the material in each samp* 
re solve into three bands with molecular weights corresponding to the A-alpha, B-beta and 
g „,ypept,de,Afewminor bands also appear in both sample. Results are 
LstantiaHythesame for the aaliva-denved transgenic fibrinogen and, he plasma- =nved 
human fibrinogen standard. The heterogeneous antt-fibrinogen antibody detects all fire 
hands. The A-alpha polypeptide-specific antibody detects only the band correspondmg t 
MW to the A-a.pha polypeptide. The B-beta polypeptide-specific antibody detects on* 
band corresponding inMW to the B-beta polypeptide. The gamma polypep.tde spectfic 
antibody detects only the hand correspondmg in MW to the gamma polypepttde. 

(9) V.pi n OF TRANSGENIC C OWS 
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About 2 500 oocytes are obtained from heathy female cows. About 2,300 are 
found ,0 be apparent* healthy mature oocyTes and are farmed. From these about 1 400 
fertilized 1-ce.l embryos are obtained. Of these, about ,,200 appear to be heaithy and are 
injected Approxrmately .,000 of the injected embryos initially survive and 687 progress 
cleavage Of these 687 cleavage stage embryos, 140 that appear most likely to be 
undamaged, norma, and healthy are transferred into females for gestation. Pregnanc.es 

off spnng 5 are shown to be transgenic for the mjected DNA by ,ransgene-spec,f,c PGR, 
as described in the foregoing Examples. Copy numbers of the mjected DNA m the 
offspring is estimated by Southern analysis as desenbed above. 

(10) PuajnCAT!^^ 

(a) Ammonium Sulfate Precipitation 

Fibrinogen is purified by the method of Binn.e e, al (,993), Biockemistry 32: 107 
el sea. much as modified in the '457 patent. 

Frozen saliva, if used, is placed in a 37°C water bath until jus, before ,. ,s 
completely thawed and then i. is immediately placed on ,ce and is maintained at 4 °C unfil 
use. All steps infite purification are carried on. a, 4 -C * addition, all buffers contamed a 
mixture of protease inhibitors 

Fibrinogen is precipitated from sa.iva by ammonium sulfate P reci P ,.at,on as 
follows Saliva is adjus.ed .0 50 mM Tris-HC, P H 7.6, .00 mM Nad, 200 mM. e-ACA, 80 
„M EDTA, 400 U aprotinin/ml, 40 muM pepstatin, 40 muM leupephn, 200 mM 
benzidine. Saturated ammonium sulfate is slowly stirred into the bnffered saliva to a 
final concentration of about 40% saturation, and then stirred overnight. The precis 
collected by centrifugation (16,000 X g, 30 tnin), and then washed several rimes m fies 

aod dissolved in 50 mM Tns-HCl pH 7.3, 150 mMNaC, 5 mM e-ACA, 2 mM EDTA, 10 
Utal aprotinin, 1 uM pepstafin, 1 uM leupeptin, ,00 nM PMSF, 5 mM benzamtdme. The 
solution, is clarified of residua, ,nso,ub,e materia, hy centrifugation, and the superjacent, 
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until further use. 

M Protamine-SEPHAROSE Chromatography 

Fionnogen is further purtfied by protamine-SEPHAROSE.RTM chromatography 

and the fibrinogen-containing e.uate is neutralized, dtalyzed, and stored a, -80 C ,n 
containing strong protease inhibitors. 

(a) Ammonium Sulfate Precipitation 

Fibrinogen is precipitated from saliva of transgenic cows as ~™^»> 
200 mM e-ACA, 80 mM EDTA, 10 uUriil soybean trypsin inhibitor, 40 muM pepstatm, 40 

the other buffers instead of aprotinin. 

(b) Immunoaffinity Chromatography 

blowing resuspension as described in the foregoing example, arro— sulfate 
precipitates are further punned by immunoaffimty chromatography on a colurnn of 
SE XoS E 4BRTM.eoup 1 ed,oamonoc,o„a, antibody specific for human fibnnogen, 

preparaUonforthecoiunmispreparedbystandardmcnoc.ona.ant.booymethod.and.s 

instmctions. The column is washed thoroughly and calibrated ,n 20 mMTnsHClpH 
74 03MNaC.,lmMCaCl, Prior to .oading, fibrinogen samples are d.lute to 

ACA 1 uMpepstatin,, uM leupep.in,100 uM PMSF, 5 mM benzamtdme, and M U/ml 

.lead, and then with 50 mM sodium acetate, pH 6.0, 0.3M Had, ! CaC! 
L.onscontatntngthefibrinogeneluateareclarifiedbyccntrtfugationandthcndtaly.ed 

Page 96 of 105 



PCT/US03/04807 

WO 03/069984 

ag a 1 „s, 2 0n,MH E PESpH7.4,0.. 5 MNaC>,l m MCaC l2 a t 4«C. The dialysate is 
clarified bycentnfugation and the clarified solution containing irnrnunoaffimty-purified 
fibrinogen is aliquoted and stored at -70 ° C. 
(12) puRjnEDHBRINO^^ 

The molecular weights and distribution of fibrinogen polypeptides and proteins 
front transgenie saliva are compared w„h human plasma-derived fibrinogen by SDS 
po.yacrylamide gel electrophoresis and wester* blotting. Under non-reducing conditions 
both samp.es resolve into two bands of the same MW weight: the siower corresponding in 
MW to intact fibrinogen, the faster corresponding to "Low Molecular Weight Fibrinogen, 
sligh „y truncated form of fibrinogen lacking a short C-.ermma, fragment of the A-a,pha 

conditions, the saliva and p.asma-dertved fibrinogens give rise to substanUaUy the same 
results. Thepreponderantntajoriryofthe material in each sample resolve .nto mree bands 
with molccularweights corresponding to the A-a,pha, B-be,a and gamma polypeptide, A 

using the methods described above. Results are substantially the same for the saliva- 

reducing gels, correspondmg in molecular weigh, to the expected anttgen. All threebands 
are visualized by a heterogeneous anti-ftbrinogen IgG antibody mtx.ure. A number of 
minor bands also are seen with all of the antibodies. A„ of the antibodies visualizes the 
same two bands in non-reducing bands seen in the stained gels. 

(13) Tu»nMHIN-ACT — PQi V"I""7.AT10N 

The abilityof fibrinogen to polymenze, and thus to form clots, is measured by 
change in.urb.dity of a fibnuogen-contaimng sample over atime course initiated by adding 
thrombin The polymerization of samples containing fibrinogen made ,n sahva of 

Reactions are carried ou, in the same way as the fibrin release assays described above, 
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• c\ i rr>ivf PaCl, instead of 2 mM. Reactions are carried out at 
exceot that the buffer contains 0. 1 mM CaCl 2 msteaa 

^Turbidi, yismeast^SOnminau— a .eaouveneand^eau^ 

OCh by dia.ysis, and fibrinogen concentrations are adjusted to 0.! mg/ml. •» ul o 

m easured continuous* fronts, before addition of thrombin untfi the end of.be 
incubation. The resuhs obtained with fibrinogen produced in transgenic saliva are 
substantia,* the same as those obtamed with human piasma-denvcd fibrinogen. 
(14) THBOMBBiAfllYATlOT^^ 

The ability of the transgenic fibrinogen to serve as a substrate for thrombm 

assays are carried out in accordance withNg - aL (1993), Jft** W- Vt™ 

Jnrporatedherem by reference *".^-« h ^£^ 
re ,ease assays in this regard. Sampies are tncubated with thrombm, and fibnnopeptid 
^IbyLmbinacttvat.on.PpAandFpBinpan.cuiar.areresoivedbyreversephase 

Z and Utified, as foUows. Protease inhibitor, are removed ft om the samples pno o 
lysis bydialysis against 50 .MTris-HC, pH 7.4, 15 0 mMNaCUhree ttmes a C for 
Tot sling iaiys.stubtngwi.hamo.ecuiarwetghtcutoffofia.OOO-H.OOOdaHons. 

Concentrations of the purified fibrinogen samples are determined by ^^^^^^^^l 
and3 2 0nm as described by Miha.^^fiS),^^^ *2««, Samples are dt.uted 
m 2mla,roomten,perature. At zero time, human thrombin is added 

boiiingtemperature for a, ieastSminntes. Prior to HPLC samples wereclearedby 
cen.rifuga.ion. Storage was a. - 20 - C . Peptides in each aliquot are separated and 

w HPLC FpA and FpB are similarly the preponderant peptide 
quantified by reverse phase HPLL. fpA anu rp 

productdeteeted in the abcuots from both transgenic saUvaryf.bnnogenand.be human 
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protein. The kinetics of FpA and FbB release in the samples is substantially the 
expected for normal human plasma-derived fibnnogen. 

(!5) FiRRTN POLYM ERIZATION 

(a) Monomers 

F,bnn monomers are prepared from transgenic saliva-derived fibnnogen 
pIrifie d Lno 8 en i sd i a lyZ eda 6 ains t2 0mMHEP E SpH 7 .,0, 5 MNaC 5 mMe^ 

adde d ,o .he fibnnogen solut.on ,n 1:10 v/v ratio .o initiate pro.eo.ysis and fi nn 
B enera,ion. The mixture is gently and voriexe, and then inoubated 3 bours a,^ C 

0 1 5MNaC., 5 minntesforeaehwash,,oremovepro.eo,ys,sbuffercomple,e,y. 

Tbemonomersarere-polymerizedbydilnfingthemlO-foM^OmMHEPESpH^A 
„, 5 MNaC,,5mMe-ACA and then inenbatmg them for 3 honrs a. room temperatnre for 
bonrsasabov. The clotting and monomenza.ion procedures are repeated twrce more. T e 

days at 4 °C .o allov, residna, fibrin polymers to dissooiate. Fibnn monomers are stored 
4 °C for up to a month. 

(b) Polymerization 

The polymerization of fibnn monomers from fibnnogen prodneed in transgemo 
sa.iva is compared to the polymertzation of monomers from human semm fibnnogen. 
Po.ymenaation is measured by turbrdity, .a>ce„ as absorption a, 350 nm. Bremen, and 
conditionsare.be same as those for thethrombinactivationtnrbidity measurements 

.escribed above, excep. .ha. Ore buffer contains 0.1 mM CaCl, Po.ymenaa.ton ,s mrtrated 
J ^^lg.hemonomersin.oreac..onhnffer. The relafive volumes and coneenbatrona are 
Ip achat monomer conce„.r„on in .hereaction is sufficient and the buffer mamtams 
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„eu,ra 1 pH.hroughou..her=ac t io n a ft eradd W o„of*e0..2 5 %ace, 1 cac,dso,uuon 

indicatesthem— ral e ofth e r eac«o n , D a t a f o rth e_^, h e t — c 

fibrinogen are substantially simt.ar ,o the data from human-serum denved fibnnogen 
Zlrespee.s.aUficusn.fie.agperindror.fie.ranssen.cmonomerswassfigHUy.ongerand 

,he maximum slope was about 1.3 times as steep, on average. 

(16) CROSSrUNKIN^ BY XfflA 

The abt.ity of Faetor XHla to eross .ink fibrin Co* formed by fibnnogen produced 
in transgeme now sahva is compared to that of human plasma fibnnogen, to determine the 

byhumanplasmafibrinogen. The ki „e,ies of eross-hrdong are measured foreao am. - 
cLs,inKmgc.o,tingreactions are oamed ou, by po.ymenzmg fibnnogen samp.es a O 
mg /m,wi,hFae.orXrnaat .0 U/ml. Control reactions are earned on, the same way, bu, 
without Faxtor XUI, Reactions are initiated hy addtng human thrombin ,0 a fina, 
concentration of 1 U/ml. All reactions are carried on, a, room temperature, tn 20 mM 
r E P E SpH7.4,. 5 0mM N aC,, 5 mM.s-AC A ,.mMCaC,, SDS and 0.mercaptoe,hano, 
WK e added to a fina, concentration of 1% and 2%, respective.y, to stop reactions ateacn 
tim e point. Cross-nrtiting is assess* hy mo.ecu.ar weights of products, determmed by 
electrophoresis under reducing conditions on 10% SDS polyacrylamide gel. Particularly^ 

ofgamma chain monomersfas described in U,rand,,nn. HY.** S« ^9121 
ThLu.tsofthese cross-tin^ assays show tha, transgenic sahva-denved fibnnogenh, 

th .p,asma samples show a small amount of dimeri 2 a,ion even m me absene „ f Factor 
xl (due to residua, plasma Factor XTHa), and s.ight molecular wetght heterogen tty n , 
seen in the safiva samples (due to naturally occurring gamma chain variations that do not 
occur in the transgenic fibrinogen). 
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(17) Germ i tnf- transmission 

Transgenrc cows .ha, produce high leveis of .he .ransgenic produc. in their sahva 
arein.erbred.Theoffspringareeva.ua.edfor.rans.iss.onof.h.rransgen.cDNAandfor 

e.press.o^of.he.ransgeaeprodacsahva.aadescnhedahove. OHcows .ha. produce h,gh 

.evds of .he <ransge„,c produc. in sa.iva, 2 .ransnni. .he .ransgene .0 offspnng. 
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